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Preface 


The presented material was created within the Erasmus+ project of the student Stefanos Syllignakis under the 
leadership of Petr Vosynek. It is basically support material for the subject 6KP and its English version 6KP-A (basics of 
computational modeling using finite element method) taught in the Institute of Solid Mechanics, Mechatronics and 
Biomechanics, Faculty of Mechanical Engineering, Brno University of Technology. 


Computer labs of 6KP and 6KP-A are composed of active exercises under the current interpretation of the 
fundamentals associated with the type of elements and also from a separate project for a group of students. The texts were 
made in two versions, for the computing open_source system Salome_Meca (C_A) and for computing system ANSYS 
Workbench v16.2. 
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INTRODUCTORY 


General Information es 


# The ANSYS Workbench represents more than a general purpose engineering tool. 
o It provides a highly integrated engineering simulation platform. 
o It supports multi physics engineering solutions, 
0 It provides bi-directional parametric associativity with most available CAD systems. 


# These tutorials are designed to introduce you to 
o The capabilities, functionalities and features of the ANSYS Workbench. 
The nature and design of the ANSYS Workbench User Interface. 
The concepts of ANSYS Workbench Projects and related engineering simulation capabilities. 
The integrated nature of ANSYS Workbench technology. 
The power of the ANSYS Workbench in using applied parametric modeling and simulation techniques to 
provide quality engineering solutions. 


Oi 3: 1O SO: 
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The Design Modeler 


File Management. Image Capture. Undo/ Redo of Modeling Operations. Geometry Selection and Filtering. Display Manipulation and Control. 


SP QQGaMQanm 


+16 © | 
| Me Wy fr Ar Av Av A 


[xine v R| None > S| 2} Generate @Share Topology [25]Parameters | [R Etrude a Revolve &, Sweep § Skin/Loft 
| WBThin/Surface QBlend vy Q Che @ Slice | @ Point Bn. Conversion 


Plane and Sketch Management. Depicts Modeling Operations. 3D Geometry Creation and Parameters. 


————_ Baas Editing of Modeling Operations. Sketching Toolboxes 
: 
Tree Outline am 


=e) A; Static Structural Modeling and Sketching Mode Switching. \, Line 
i >. XYPlane 8 Tangent Line 


yt. ZxPlane & Line by 2 Tangents 
A\ Polyline 


>} YZPlane Supports Viewing of Modeling Details. 
an : (Polygon 
Allows Editing of Model Details. le ; 
— (Ch Rectangle by 3 Points 
@ Oval 
@ Circle 
4 Circle by 3 Tangents 


™ Arc by Tangent 
6 Arc by 3 Points 


Plane 


Provides Access to Sketching Tools. 


Export Coordinate System? | No ) SS Cimensions 
Supports Sketch Creation and Modification. Ps Settings 


Details View 
Sketch Sketch1 

Sketch Visibility | Show Sketch 
Show Constraints? | No 


Supports Viewing of Sketching Details. 


Supports Editing of Geometry and Features. 


# Sketching Mode: 
o Provides for the creation of sketches using standard or user defined model coordinate systems. 
© Supports the creation of 3D parametric solids from 2D sketches. 
# Modeling Mode: 
o Provides tools for the creation and modification of 3D parts and models. 
o Tracks and supports modification of modeling operations. 


Page | 10 


Basic Mouse Functionality 


# Left Mouse Button. [LMB] a # Right Mouse Button. [RMB] 


o Geometry Selection. o Open Pop-Up Context 
o  Ctrl+ LMB > Adds/ Menus. 


Removes Selected 


Entities. 

Hold LMB and Sweep 
Cursor > Continuous 
Selection. 

Press+ Hold > “Paint 
Select”. 


# Middle Mouse Button. [MMB] 
o Free Rotation. 


Selection Filters 2D Points, 3D Vertices. 
2D Edges, Model Edges, Line Edges. 


Solid Bodies, Surface Bodies, Line Bodies. 


<a) Extend to Adjacent 
iF) Extend to Limits 


Single/Box Selection. e Flood Blends 
(Fe 


ty] Flood Area 
ew Selection. @) Extend to Instances 


# Model features are identified by graphically picking them using the left mouse button. 


# Feature selection is done by activating one of the selection filters from the menu bar or from pop-up menus using 


the right mouse button. 


# In selection mode, the cursor changes to reflect current selection filter. 


# Adjacent and Flood Selections extend selections to adjacent areas. Additional information can be found in the ANSYS 


Workbench Help (documentation). 


# Selection filters can also be set using pop-up menus (right mouse button in the Model View). 


= {D Select Loops / Chains 
D selec Loors “Chains D Select Smooth Chains 
Ss ta Point | BI vere 
2D Edge cr . 
@ Isometric View [oi z @ Isometric View PE Point 
150 Cop 150 Sot fk] Edge 
as & Line Edge 
- Restore Default “4. Restore Default ® a 
@ Z to Fit (F7 
Zoom to Fit (F7) @ Zoom to Fit (F7) [Solid Body 
Cursor Mode r SuEO Mode ” | (Ry Line Body 
Vi > View U wat Surface Body 
ar 9} Look At 
9 Look At 
(Select All (Ctrl+ A) 
r Generate (F5) , 
In Sketching Mode. 2} Generate (F5) in Modeling Node: 
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Selection Panes 


# Selection Panes allow selecting hidden geometry (lines, surfaces, etc.) after an 
initial selection. 

o In assemblies only panes are color coded to match part colors. 

o Multi-select techniques apply to selection panes as well. 


# 


Initial left mouse click. 


Note: Each plane represents an entity (surface, edge, etc.) that an imaginary line 
would pass through, starting from the initial mouse click location and proceeding 
into the screen away from the viewer in the normal viewing direction. 


Graphic Controls 
Rotate Behavior.  Previous/ Next View. | Next View. 


Panning. 


Zoom Zoom in/ Out. | Out. 


New Section Pane. 
yi. Display Plane/ Display Model. 


ISPQQQMQQAE HM lAl@e | pa 


Toggle Magnifier Window. ! Look At: Select Model Feature then 
“Look At”. Model Will Automatically 
Fit Model to Graphics Screen. | Orient Normal to Feature, Centered at 


Pick Point. 


Display Points. 


Additional Mouse Controls 
# While in Select Mode: 
o Center Mouse Button > Free Rotations. 
o Right Mouse Button > Box Zoom. 
o  Shift+ Center Mouse Button > Zoom. 


# While in Rotate, Pan or Zoom Mode: 
o Left click on model temporarily resets center of view and rotation at cursor location. 
o Left click in open area re-centers model and rotation center to centroid. 


# Mouse Cursor is Context Sensitive. 
© Indication Current Mouse Actions [Viewing, Rotation, Selecting, Sketch AutoConstrains, etc.] 


+? = 
+ 


Pan PanSelect Pitch PitchSelect PtRotate 


T U 


0 €¢ & eo Xa 


PtRotateSel... RotateSelect  selectnext SelectRotati.. SketchCoin SketchHoriz Sketching SketchTang SketchVert Spot 


Ke : “> : a 


Vertex ql > > YawSelect % ZoomSelect 
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Understanding Cell States 


ANSYS Workbench integrates multiple applications into a single seamless project flow, where individual cells can 
obtain data from and provide data to other cells. As a result of this flow of data, a cell’s state can change in response to 
changes made up to the project. ANSYS Workbench provides visual indications of a cell’s state at any given time via icons on 
the right side of each cell. 


Reference --> ANSYS Help v.17.0. 


Cell states can be divided into the following categories: 


if Typical Cell States 

> Unfulfilled = 

Required upstream data does not exist. Some applications may not allow you to open them with the cell in this state. For 
example, if you have not yet assigned a geometry to a system, all downstream cells will appear as unfulfilled, because they 
cannot progress until you assign a geometry. 

> Refresh Required od 


Upstream data has changed since the last refresh or update. You may or may not need to regenerate output data. When 
acellis ina Refresh Required state, you can Edit the cell, Refresh the data, Update Upstream Components, or Update the cell. 


The advantage to simply refreshing a cell rather than performing a full update is that you can be alerted to potential effects 
on downstream cells before updating and can make any necessary adjustments. This option is especially useful if you have a 
complex system in which an update could take significant time and/or computer resources. 

> Attention Required ? 


All of the cell’s inputs are current; however, you must take a corrective action to proceed. To complete the corrective 
action, you may need to interact with this cell or with an upstream cell that provides data to this cell. Cells in this state cannot 
be updated until the corrective action is taken. 


This state can also signify that no upstream data is available, but you can still interact with the cell. For instance, some 
applications support an “empty” mode of operation, in which it is possible to enter the application and perform operations 
regardless of the consumption of upstream data. 

> Update Required 7 

Local data has changed and the output of the cell needs to be regenerated. 

> Upto Date a 

An Update has been performed on the cell and no failures have occurred. It is possible to edit the cell and for the cell to 
provide up-to-date generated data to other cells. 

> Input Changes Pending ~ 


The cell is locally up-to-date but may change when next updated as a result of changes made to upstream cells. 
ii. Solution-Specific States 


> Interrupted, Update Required wn 
Indicates that you have interrupted the solution during an update, leaving the cell paused in an Update Required state. 


This option performs a graceful stop of the solver, which will complete its current iteration; although some calculations may 
have been performed, output parameters will not be updated. A solution file will be written containing any results that have 
been calculated. The solve will be resumed with the next update command. 
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> Interrupted, Up to Date v 
Indicates that you have interrupted the solution during an update, leaving the cell in an Up-to-Date state. 


This option performs a graceful stop of the solver, which will complete its current iteration; output parameters will be 
updated according to the calculations performed thus far and a solution file will be written. You can use the solution for post 
processing (to look at the intermediate result, for example). Because the cell is already up-to-date, it will not be affected by a 
design point update; to resume the solve, right-click and select the Continue Calculation option. 


> Pending - 


Signifies that a batch or asynchronous solution is in progress. When a cell enters the Pending state, you can interact with 
the project to exit ANSYS Workbench or work with other parts of the project. If you make changes to the project that are 
upstream of the updating cell, then the cell will not be in an up-to-date state when the solution completes. 


iii. Failure States 


> Refresh Failed, Refresh Required ie 

The last attempt to refresh cell input data failed and the cell remains in a refresh required state. 

> Update Failed, Update Required Ir 

The last attempt to update the cell and calculate output data failed and the cell remains in an update required state. 
> Update Failed, Attention Required & 

The last attempt to update the cell and calculate output data failed. The cell remains in an attention required state. 


If an action results in a failure state, you can view any related error messages in the Messages view by clicking the Show 
Messages button on the lower right portion of the ANSYS Workbench tab. 


Page | 14 


3D Geometry 


Reference --> Autodesk Network Article. 


Bodies and Parts 


Ela] Projecti 


# DesignModeler is primarily intended to provide geometry to an analysis environment. By ote xvPlane 


For this reason we need to see how DesignModeler treats various geometries. 


to 79) Sketchi 


# DesignModeler contains three different body types: 


o Solid Body: A body with surface area and volume. 
o Surface Body: A body with surface area but no volume. 
o Line Body: A body which consists entirely of edges, no area, and no volume. 


mo 4) Sketch2 
= ca Sketch3 


# By default, DesignModeler places each body into one part by itself. 


>. Ga 3 Parts, 3 Bodies 


# There are two body types in DesignModeler: sy tg Dold 
Active: my (Al Surface Body 
"Body can be modified by normal modeling operations. won w Line Body 
=" Active bodies are displayed in blue in the Feature Tree View. 
=" The body’s icon in the Feature Tree View is dependent on its type — solid, surface, or line. 


S Parts, S Bodies 


5 Pa Baries 

oy &B Solid e Provides alternate method for Sim Assembly Modeling. 
a oli 

—, GB Solid e Provides ability to “Slice” parts. = lid 


iy &B Solid . 


A Frozen body is immune to all modeling operations except slicing. 

=" To move all Active bodies to the Frozen state, use the Freeze feature. 
=" To move individual bodies from the Frozen to Active, select the body and use the Unfreeze feature. 
oO Frozen bodies are displayed “lighter” in the Tree View. 


~y @ Solid 


# Body Suppression: 
o Suppressed bodies are not plotted. 
o Suppressed bodies are not sent to Design Simulation for analysis, nor are they included in the model when 
exporting to a Parasolid (.x_t) or ANSYS Neutral File (.anf) format. 
o Inthe Tree View an “X” is shown near suppressed bodies. Unsuppressed 


# = Parts: 
o By default, the DesignModeler places each body into one part by itself. 
o Youcan group bodies into parts. 
= These parts will be transferred to Design Simulation as parts consisting of multiple bodies (volumes), 
but Shared Topology. 

o To form anew part, select two or more bodies from the graphics screen and use > Tools > Form New Part. 
o The Form New Part option is available only when bodies are selected and you are not in a feature creation or 
feature edit state. 


Sketching Modeling 


Details 
Extrude 


Extruded 

Sketcht 

&dd Material Y 
Add Material | 
Cut Material 

Imprint Faces 

Add Frozen 

FD1, Depth (>0) |30 mm 
As Thin/Surface? No 
Merge Topology? Yes 


Base Object 
Operation 
Direction ¥ector 
Direction 


Boolean Operations 


# Youcan apply five different Boolean operations to 3D features: 

o Add Material: Creates material and merges it with the active bodies. 

o Cut Material: Removes material from active bodies. 

o Slice Material: Slices frozen bodies into pieces. [Available only when all bodies in the model are frozen] 

o Imprint Faces: Similar to Slice, except that only the faces of the bodies are split, and edges are imprinted if 
necessary. 

o Add Frozen: Similar to Add Material, except that the feature bodies are not merged with the existing model 
but rather added as frozen bodies. 
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| Details of Extrude2 
Extrude 
Geometry 
Gperation Add Material 


Direction Vector | None (Normal) 
Direction 


Feature Type 


# Fixed: 
o Fixed extents will extrude the profiles the exact distance specified by the depth property. The feature preview 
shows an exact representation of how the feature will be created. 


# Through All Type: 
o Will extend the profile through the entire model. 
o When adding material the extended profile must fully intersect the model. 


# To Next: 
o Add will extend the profile up to the first surface it encounters. 
o Cut, Imprint and Slice will extend the profile up to and through the first surface or volume it encounters. 


# To Faces: 
© Allows you to extend the Extrude feature up to a boundary formed by one or more faces. 
o For multiple profiles make sure that each profile has at least one face intersecting its extent. Otherwise, an 
extent error will result. 
o The “To Faces” option is different from “To Next”. To Next does not mean “to the next face”, but rather 
“through the next chunk of the body”. 
o The “To Faces” option can be used with respect to faces of frozen bodies. 
# To Surface: 
© Option is similar to “To Faces”, except only one face can be selected. 
The extent is defined by the underlying and possibly unbounded surface 
of the selected face. 


___ Original Sketch. 


Through All 


To Next 


To Faces 
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Feature Creation 


Details of Extrude1 


# ~~ Extrusions: 
. . . : Extrude Extrude 
o Extrusions include solids, surfaces and thin walled features. Base Object Sketchi 
Pr a ” a Operation Add Material 
o To create surfaces, select “as thin/surface” and set the inner and outer __ [pirection vector None (Normal) 
é Direction Normal 
thickness to zero. aa = 
© The active sketch is the default input but can be changed by selecting the ee onm 
desired sketch in the Tree View. FD2, Inward Thickness (>=0) [0mm 
= a z . z FD3, Outward Thickness (>=0) |O mm 
© The Detail View is used to set the Extrude depth, direction and Boolean __jmterge Topaiogy? Yes 


Operation (Add, Cut, Slice, Imprint or Add Frozen). 
o The Generate button completes the feature creation. 


# Revolve: 
o Active sketch is rotated to create 3D Geometry. 
o Select axis of rotation from details. 
o Direction Property for Revolve: 
=" Normal: Revolves in positive Z direction of base object. 
=" Reversed: Revolves in negative Z direction of base object. 
=" Both- Symmetric: Applies feature similar in both directions. 
=" Both- Asymmetric: Applies feature in both directions unevenly. 
o The Generate button completes the feature creation. 


# Sweep: 
o Solids, Surfaces and thin walled features can be created by using this feature to sweep a profile along a path. 
o Scale and Turns properties can be used to create helical sweeps. 
=" Scale: Tapers or expands the profile along the path of the sweep. 
= Turns: Twists the profile as sweeps along the path. 
=" A negative value for Turns will make the profile rotate about the path in the opposite direction. 
o Alignment: 
= Path Tangent: Reorients the profile as it is swept along the path to keep the profile in the path’s 
tangent direction. 
=" Global: The profile’s orientation remains constant as it is swept along the path, regardless of the path’s 
shape. 


# = Skin/ Loft: 
o Takes a series of profiles from different planes to create 3D Geometry fitting through them. 
=" A profile is a sketch with one closed or open loop or a plane from a face. 
= All profiles must have the same number of edges. 
=" Open and closed profiles cannot be mixed. 
= All profiles must be of the same type. 
© Sketches and planes can be selected by clicking on their edges or points in the graphics area, or by clicking on 
the sketch or plane in the feature tree. 
o After selecting an adequate number of profiles, a preview will appear showing he selected profiles and the 
guide polygon. 
© The guide polygon is a gray poly-line which shows how the vertices between the profiles will line up with each 
other. 
o Skin/ Loft operation relies heavily on Right Mouse Button menu choices. 
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# = Point: 
© The Point feature allows for controlled and fully dimensioned placement of points relative to selected model 
faces and edges. 

© Select a set of base faces and guide edges. 

o Select the Point (analysis) Type: 
= Spot Weld: Used for “welding” together otherwise disjointed parts in an assembly. 
= Point Load: Used for “hard points” (nodal points) in the analysis. 
=" Construction Point: No points of this type are passed 


to simulation. Dela of Poantt 
o Select from three possible Point Definition options each with | Fam Nad 
z 
certain placement definitions: Construction Point 


Spot Weld 
= Single -- > Sigma and Offset. i 


=" Sequence By Delta -- > Sigma, Offset, Delta. 
=" Sequence By N -- > Sigma, Offset, N, Omega. 
= From Coordinates File -- > Formatted text file, similar to 3D curve. 
o Sigma: The distance between the beginning of the chain of guide edges and the placement of the first point. 
o Edge Offset: The distance between the guide edges and the placement of the spots on the set of base faces. 
© Delta: The distance, measured on the guide edges, between two consecutive points, for the Sequence By Delta 
option. 
o N:The number of points to be placed, relative to the chain of guide edges, in case of the Sequence By N option. 
oO Omega: The distance between the end of the chain of guide edges and the placement of the last spot, for the 
Sequence By N option. 


# Examples: 


Definition 
Single 
Sequence by Delta 
Sequence by N 
From Coordinates File 


bvarosaresasorarctnnsnnastnenerstegens 


Guide Edge 


Base Face 
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CHAPTER_I: CHILD SWING 


1.1 Problem Description 


The purpose of this chapter is to find out the deformation of the beam and the displacement of its end point. 
Furthermore we will examine, how the stress will look like, when a loading by some specific weight, defined by the force. 


# Inputs > 


Circle and Channel Cross- 


Section 
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Reference --> Finite Element Simulations with 


1.2 Workbench GUI ’ ANSYS Workbench 13 by Huei- Huang Lee. 


You can launch Workbench by selecting it from the Start Menu. [1] The contents of the Start Menu in your computer 
may be different from what you see here, depending on your installation (licensing). “Workbench GUI” (graphic user interface) 
will show up. [2] “Workbench GUI” is a gateway to workbench application i.e., all the workbench application can be accessed 
via “Workbench GUI”. There are two types of ANSYS applications: Native and Data integrated applications. 


Native applications are directly supported in “Workbench GUI”, their program codes and database blind together. 
Native applications which will be used to this book are: “Project Schematic”, “Engineering Data”, and “Design Exploration”. 


Data Integrated applications are independent programs. They have their own GUI’s and databases. They communicate 
with “Workbench GUI” or other program applications through out-of-core database files. Data integrated applications which 
will be used in this book are: “Design Modeler’, “Mechanical”. @ Workbench GUI. 


snot Projet Norther 2688 e268. LS 


File View Tools Units Extensions Help 


EN { LH Project. \ 
i i) Import... | 0 Reconnect Ref 


Toolbox ‘ Sa eee ae Project Schematic vq x Properties of Project Schematic 


& Analysis Systems e 


Design Assessment 
Eigenvalue Buckling bd) A 
1 


Electric 7 Static Structural 


Explicit Dynamics 2 | @ Engineering Data 
Fluid Flow- Blow Molding (Polyflow) 3 
Fluid Flow- Extrusion (Polyflow) 
Fluid Flow (CFX) 4|@ Model 
5 
6 
7 


@ Toolbox. 8) Project Schematic. 


= Project Update 
| s | Update Option | Run in Foreground v 


Fluid Flow (Fluent) 
4 Fluid Flow (Polyflow) 
Harmonic Response 
Hydrodynamic Diffraction 
a Hydrodynamic Response 
£4 IC Engine 
Maagnetostatic 
(9 Modal 
(fi) Random Vibration 
(fi) Response Spectrum 
A Rigid Dynamics 
(G9 Steady-State Thermal 
Thermal-Electric 
G4 Transient Structural 
& Transient Thermal 
Turbomachinery Fluid Flow 


&) Component Systems 


ve] Solution 
@ Results 6) A Static Structural analysis system is placed in 
Static Structural “Project Schematic”. The six cells in the analysis 
system indicate that six steps are needed to perform a 
static structural analysis. 


0G) | oe) | od) | od | |) < 


ae ee ee 


m1 


a 


AD) Autodyn 
&@ BladeGen @) Creation of a Static 
(ay CFX Structural analysis system. 


@ Engineering Data 

Explicit Dynamics (LS-DYNA Export) 
External Data 

e External Model 

G® Finite ElementModeler 

© Fluent 

fy Fluent (with Fluent Meshing) 

@ Geometry ~ 


Y View All / Customize... 
-ey ae 


Page | 20 


1.3 Preparing Engineering Data 


Double clicking to “Engineering Data” cell, will start Engineering Data application, where we want to specify our 
material properties. In this task our material is made by steel [Young’s Modulus= 200GPa, Poisson’s Ratio= 0,3] and as we can 
see, we don’t have to make any changes, as the default material properties of structural steel match with our requirements. 


@) Engineering Data application shows up on Workbench GUI. 


File View Tools Units Extet 


= ~~ ~ @ Close Engineering Data and 
BELEN LH a, ssbchc antl eile return to the Project Schematic. 
[i Fiter Engineering Data Jif Engineering Data Sources 


Toolbox baat'Seb a Outline of Schematic A2; Engineering Data , : Sae'Sebam Table of Properties Row 9: Isotropic Elasticty va 
[fH PhysicalProperies = 
Linear Elastic 

Hyperelastic Experimental Data 
Hyperelastic 
 Chaboche Test Data 

Plasticity 

Creep 

Life 

Strength 

Gasket 

B Viscoelastic Test Data 
Viscoelastic 
 ShapeMemory Alloy 
Damage 


© Material 


Engineering jource 
® Structural Steel cr 


Click here to add a new material 


Fatigue Data at zero mean stress comes 
from 1998 ASME BPV Code, Section 8, 
Div 2, Table 5-110.1 


@) Structural steel 
material is selected. 


 CohesiveZone 
Fracture Criteria 


6) Change material properties 
| if they are not the same. 


Poisson's Ratio am 


Poisson's Ratio 


Bulk Modulus 1,6667E+11 
Shear Modulus 7,6923E+10 


12 8 Field variables E; 
13 Temperature Yes ¥ a -0,5 P a 2 05 1 
nd View All / Customize... 14 Shear Angle No S ks emperature [C] 


Ready =) Show Progress _||(,°) Show 0 Messages 


=——_ == ——_— = = 


Page | 21 


1.4 Create Geometric Model 


Double clicking “Geometry” cell will open up “Design Modeler” application. The functions of Design Modeler are similar 
to any other C.A.D. (Computer Aided Design) software such as Solidworks, Creo Elements/ Pro Engineer, except that Design 
Modeler is specifically designed to create geometric models for use in ANSYS Workbench simulations. 


Reference --> Finite Element Simulations with 
ANSYS Workbench 13 by Huei- Huang Lee. 


1.4.1 2D and 3D Simulations 


Workbench supports 2D and 3D simulations. For 3D simulations Workbench supports three types of geometric bodies: 
[1] Solid Bodies (which have volume) [2] Surface Bodies (which do not have volume but have surface areas) [3] Line Bodies (which 
do not have volume or surface areas but have length). Thin shell structures are often modeled as surface bodies. Beam or 
frame structures are often modeled as line bodies. A 2D model must be created entirely on <XYPlane>. 


1.4.2 More on Geometric Modeling 


Creating a geometric model is sometimes complicated and not as trivial as that in our first task. However it often can 
be viewed as a series of two-step operations as demonstrated in this case: Drawing a sketch and then using the sketch to 
create a 3D body by one of the techniques provided by Design Modeler such as extrusion, revolution, sweeping, skinlofting, 
etc. 


Geometric modeling is the first step towards the success of simulations. For an engineer to be successful in simulation 
he/she must be proficient enough in geometric modeling. 


> Time to focus on our task and get more specific in certain commands of the Design Modeler application. 


Tree Outline 
E.-- mE) A: Static Structural 
E vote XYPlane 
| rea Sketchl @) Selecting New Sketch. 
os ane 
y>f. YZPlane 
‘nny 0 Parts, 0 Bodies 


@) Choosing our Plane, XYPlane. 


| File Create Concept Tools Units View Help 


| Al! GB |) Oundo Gredo ||seecR hy | MMO! S| Bw ISP QaQgamags tal/xi@e |sa|| My My fy fr Ar AY ATA 


| XyPlane ’ a | Sketchi ’ alll 2} Generate Share Topology [B5]Parameters || $ Point B Conversion || ([R btrude Ga Revolve & Sweep @ Skin/Loft 
| BladeEditor: 4Import BGD Bj Load BGD | p/ Blade pf Splitter = VistaTFExport \\BxportPoints WStageFluidZone gi SectorCut \f— ThroatArea pm CAD Import >| @ Preferences 
|HARS = CRB Y ~ | A a BD || Dthin/Surfoce QBlend y QChamfer MB Slice 


> Now you can create a line with the given dimensions in the newly created “Sketch 1”. 
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-atic Structural - DesignModeler 


File Create Concept Tools Units 


| A | || Dundo Cran 


| xwelane y of | Sketcnt 


|\HAS = (Ee 


Sketching Toolboxes 


Blend ¥ ®Chamfer @pSlice 


ANSYS 


R16.2 


& General Academic 
‘<4 Horizontal 

T[ Vertical 

& Length/Distance 
& Radius 
ODiameter 

A Angle 

F¥ Semi-Automatic 
Edit 

[BI Move 

[H Animate 

fa! Display 


@ Concept/ Line from sketches. 


Constraints 


Sketching | Modeling | 
Details View 

| Details of Sketch1 
Sketch Sketch 


Sketch Visibility Show Sketch 
Show Constraints? | No 


)6| Dimensions: 1 
| 
| {) H2 1000 mm 
/5)| Edges: 1 
Line Ln7 
@) Dimensions/ H2= 1000 mm 
GS) Select our sketch (line). 
Model View [Print Preview] 
“eneral -- Select point or 2D Edge for dimension or use RMB for options [No Selection [Millimeter Degree o In 
free Outline a 
Bde) A; Static Structural 


Ely at. XYPlane 
Phen 23) Sketchl 
vot. ZXPlane 


Loy 0 Parts, 0 Bodies 


Sketching Modeling 
Details View ee 


Details of Line1 


Base Objects Apply Cancel 


Operation Add Material 
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, File Create | Concept Tools Units View Help 


| 2) bed Al | > Lines From Points SEM AMC (7) Concept/ Cross Section/ Circular. 
| xvPlane cI Lines From Sketches 1 || {Generate Shan 


Qe les Fromm Esges Ss FlowPath pf Blade gt 
\A, 3D Curve 


| Ke 3 ‘s. Split Edges 

Tree Outline @ Surfaces From Edges 
J Surfaces From Sketches 
i@ Surfaces From Faces 


Ely 6 1 Cross Section 
hy @ Circularl 
EM 1 Part, 1 Body 
tomy Line Body 


| BladeEditor: § 


v 


4 Graphics 


Select Line Body, and change the 


Cross Section to Circular1. 
i Detach 
Cross Section 


4 ® Rectangular 


or 


© Circular Tube 
[E Channel Section 


| Sketching Modeling 


iE ISection 
‘L ZSection Details View 
L 3 en Details View a = — Line Body —— 
ti : fe) ine Bo 
= os =I| Details of Circular1 dy dy 
di, Hat Section - Faces 0 
Sketch Circulart 
Select the geometr Led cle al is Show Constraints? | No Eames L 
8 Y User Integrated : | Vertices 2 
(=|, Dimensions: 1 


in our case the line. User Defined 


Cross Section 
Shared Topology Method 
Geometry Type 


R 
: || Edges: 1 

Sketching Modeling . Full Circle |crio 
Details View 
Details of Line Body 
Body Line Body 
0 
1 
2 


15mm 


Circularl 
wesry ou 


Q) Change to the dimensions that we are interested in. 


Faces 


Edges 
Vertices 


©) Pull down “View” tab, and select “Cross Section Solids”, to be able to see our cross 
section. 


Cross Section 
Shared Topology Method | Edge Joints 
Geometry Type DesignModeler 


> After sketching our geometry we need to create a “Line Body”. Also we are going to need 2 different kind of 
Cross_Section. The way to do that is described in the pictures above. 


Reference --> Finite Element Simulations with 
ANSYS Workbench 13 by Huei- Huang Lee. 


1.5 Divide Geometric Model Into Finite Elements re 


The procedure that Workbench solves a problem can be viewed as two major steps: (4) Establishing a set of equations 
that govern the behavior of the problem and (2) Solving the equations. The problem domain (i.e. the geometric model) is 
usually so complicated that it is almost impossible to establish and solve the governing equations directly. A core idea in the 
finite element method is to divide the entire problem domain into many smaller and simpler domains called “the finite 
elements”. The elements are connected by nodes. The governing equations for all elements will be solved simultaneously. 


The dividing of geometric model into elements is called meshing and the collection of the elements is called the finite 
element mesh or sometimes called the finite element model. Strictly speaking, a finite element model should mean a finite 
element mesh PLUS it’s environment conditions. 


4 
> Double clicking “Model” cell in the analysis template will bring up “Mechanical GUI”. 1 
2 @ EngineeringData Y 4 
The rest of the simulation will take place also in “Mechanical GUI”. 3 Gi) Geometry Y 4 
Meshing --> Setup Loads/Supports --> Solution --> View the results. 
5 @@ Setup ? 4 
6 B Solution Ps 
7 @ Results P 4 
Static Structural 
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Chapter_l: Beam 1D Analysis, Nominal Stress 


otatic Structural - Mechanical [ANSYS Academic Research] . ’ 

File Edit View Units Tools Help || Q <i | YSowe > 2/ShowErrors fA [ith 4 \@] > ER Worksheet Ik 

|Pe* @ kBRRBISIS+QQlQMagatngs O|D- ! 

| 5 Show Vertices ®E Wireframe | Sy Show Mesh 3k fill Random Colors Annotation Preferences | 1, J, 1, |} #i (le Reset Explode Factor = $———————_ Assembly Center M4 
| (EdgeColoringy vr fir Av Av fev & (bl [i thicken Annotations 

|Mesh =f Update | Mesh v “Mesh Control » Mesh Edit + | jl) Metric Graph | [Probe | im 


@)Mechanical GUI. 


oy | @~ 


| Filter: Name 


2} Create Pinch Controls 


Z| Clear Generated Data 
aJb Rename (F2) 


Start Recording 


Details of "Mesh" 

Display 

Display Style Body Color 
Defaults 
Physics Preference | Mechanical 
{_} Relevance 0 
Sizing 

Inflation 

Patch Conforming Options 
Patch Independent Options 
Advanced 

Defeaturing @ 3 ber of Node eme 
Statistics 


Text Association Timestamp 


BHHEEE EE 


| No Messages No Selection [Metric (mm, kg, N,s,mV, mA) Degrees rad/s C- 


> Quality of meshing cannot be overemphasized. Although it is possible to let ANSYS Workbench perfomrn the meshing 
automatically, it’s quality is not guaranted. 


Reference --> Finite Element Simulations with 
ANSYS Workbench 13 by Huei- Huang Lee. 


In the real world, all things are part of the world and they interact with each other. When we take an object apart for 
simulation, we are cutting it away from the rest of the world. The cutting surfaces of the model is called the boundary of the 
model. Where we cut the boundary is arbitrary — as long as we can specify the boundary conditions on all of the boundary 
surfaces. In Workbench all conditions affecting the response of the model are called the environment conditions which include 
boundary conditions. Strictly speaking, environment conditions include conditions that are not specified on the boundaries, 
for example, temperature changes over the entire body (not just on the boundary). In Workbench we don’t use the term 
“boundary conditions”, instead we will use the term “environment conditions”, which includes boundary and non-boundary 
conditions. 
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> In our case scenario, the things surrounding our geometry are: 
i. Atmosphere air around all the rest of boundary surfaces. BUT assuming the atmosphere air has very little 
interaction with the model we simply neglect it. We model all other boundary surfaces as free boundaries. 
ii. Fixed support in one end. 
iii. Force on the other end equal to 500N. 
ss Srl MESRETANSS Rede Reseorch) TS Si 
File Edit View Units Tools Help || @ “i | Solve > 2/ShowErrors ti [ih (2) @ [A] Gy MWorksheet ix 
|® at W RiP RO S54 QQ\QMQQK G8 & @/O- 
| Show Vertices }{BWireframe | [2 ShowMesh 4 BM Random Colors Annotation Preferences | 1, 1, 1, I] 2t (Je Reset Explode Factor: {Assembly Center ’ 
| (Edge Coloring + AY Ay A ’ A na A aa A hl] [+l Thicken Annotations 
[Environment “Inertial y Loads y “Supports ¥ Conditions ¥ @ Direct FE + Mass Flow Rate | BS | 
Outline 


i Name @© ied ANSYS 
4 Fixed Support. R16.2 
~~ [a] Model (A4) , Academic 


as Geometry 

ok Coordinate Systems 
ARB Mesh 

oy 
“~y£N Analysis =< 
£8, Fixed Support 


-/) Solution (a6) 
re = Solution Information @) Pull down Loads/ Force. 


Details of "Static Structural (A5)" yo! x 
| Definition 

Physics Type Structural 

Analysis Type Static Structural \, Geometry 4 Print Preview, Report Preview/ 


Solver Target Mechanical APDL 
Graph BY} ‘Tabular Data 


=] Options 
| Environment Temperature | 22, °C 
| Generate Input Only No 


\wee So Graph 
{-0) No Messages ges |NoSelection = __|Meetric (rm, kg, N, 5, mV, mA) Degrees _rad/ Selection [Metric (mm, kg, N, s, mV, — ———— rad/s © 


Details of "Force" 
|-|| Scope 


GB) Switch Define By to Components. 


Scoping Method | Geometry Selection 
Geometry 14 a @ Y Component -5OON. 
=) Definition 7 
‘Type Force 
Define By Components 
Coordinate System |Global Coordinate System 


X Component (0, N (ramped) 
IY component CMM 
ZComponent (0, N (ramped) 

| Suppressed | No 


In this task we are only interested in Deformation, otherwise we 
could choose from the Strain/ Stress/ Energy tabs for more solution 
options. We will introduce you those options in further tasks. 
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1.7 Solve the Finite Element Model 


To solve a finite element model, simply click <So/ve> in Mechanical GUI. The solution procedure is entirely automatic. 
The time to complete a simulation depends on the problem size and complexity. After the solution, the numerical results are 
stored in a database. 


1.8 Viewing the Results 


After the solution, numerical results are stored in databases, they can be viewed upon your request. In our case we 
are most concerned about the vertical deflection. The deformation also can be animated in the GUI. Note that the deflection 
is measured at the tip. 


File Edit View Units Tools Help || @ +i | 2fSolve » 2/ShowErrors i [ith 
|®@ar* Ry bk BRO S-|(S + PALQAAQ 


| FY Show Vertices @{2Wireframe | Oe Show Mesh 3k [ll Random Colors WA 


Iso 


P\e 


& > worksheet in 
2 
es 


(Edge Coloringy Ar fr Ar Ar Av & (bl | Thicken Annotations : 
Result 2,4 (Auto Scale) + By By By F | wW w | Probe | Display scopedsodies yaa @D Moe Vena nteu a mYCelelal 


simply click on Solve. ANSYS 


R16.2 
: The deformed shape. —————— 
a pele @ " Academic 
yx, Coordinate Systems q 
At Mesh 
BE] Static Structural (A5) 
Lom AN Analysis Settings 
A Fixed Support 
te Force 
~~ /(g3] Solution (A6) 
AQ] Solution Information 
eo Total Deformation 


Details of "Total Deformation" a @) Min. and Max. 
=I] Scope deformation results. 
Scoping Method Geometry Selection 
Geometry plsodies | Geometry 4 Print Preview Report Preview/ 
—— | 9 Tabular Data 
Type Total Deformation oe — 
By Time imatii a 1 2 Sec (Auto) S | ig | oy | fee 3 Cycles Time [s] Ira Minimum [mm] I] 
Display Time Last : 0, 


Calculate Time History | Yes 
Identifier 


Suppressed No : , c 
=)| Results imating deformation. 
Minimum 0, mm 
|_| Maximum 21,013 mm 
Information 


| (oa No Messages No Selection [Metric (mm, kg, N,s, mV, mA) Degrees rad/s © 
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1.9 Second Part of Our Task 


In order to change the type of our cross section, we have to go back to Design Modeler and add one more type of cross 
section. 


Note: We don’t have to close Mechanical GUI, just AlttTab back to Geometry Mode. 


otatic Structural - Design co 
File Create Concept Tools Units View Help 


ARMA] || OumGredo ||seect/*y hy | fa Tl | o- 


Ewe S¢QQQMQQ% tllal@e |ra|) M- Ov fe se Ae AKA 


1 
| XyPlane ba > | Sketch ie ~fGenerate Share Topology [g5]Parameters || @ Point BD Conversion || [Rbtrude gaRevolve &Sweep § Skin/Loft | 
|BladeEditor @4ImportBGD *2fLoadBGD | Blade p@ Splitter -/)VistaTFExport “~ExportPoints @BStageFluidZone g@\SectorCut (fg ThroatArea CAD Import v | @ Preferences 
| | yi S16 iG leds | aa ¥ | a ow mh @ || WBThin/Surface @QBlend vy QChamfer Mp Slice 


ee We) A; Static Structural 
: ve XYPlane 


@ Concept/ Cross ANSYS 


Section/ Channel Section. R16.2 


Academic 


3) Lined 
a vA e oaig 8) Select Line Body. 


| & Channelt 
a 7) 1 Part, 1 Body 
Cas 


Sketening modeingf 


Details View 4 
| Details of Line Body 
Body |Line Body 
Faces jo 
Edges a 
Vertices |2 
Cross Section | Channel 
Offset Type | Centroid 
Shared Topology Method | Edge Joints 
Geometry Type | DesignModeler 
\é 
@) Simply choose our new a 
cross section (Channel1). a x 
Model View [Print Preview J 
Peady 


[1 Body [Millimeter Degree [0 0 
-|| Details ot Cnannell 
Sketch Channell 
| Show Constraints? | No 
-| Dimensions: 6 


@) Change the dimensions to these. 
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Chapter_l: Beam 1D Analysis, Nominal Stress 


> After you are finished adding the new cross section to our model, hit Altt—Tab again to get you back to “Mechanical 
GUI”. Now all we have to do is update the geometry (since we still got the geometry with the previous cross section 
shown to the Mechanical) and solve the problem again. 


(=o 


. Static Structural - Mechanical [ANSYS Ronee Research] 


; File Edit View Units Tools Help lI iv) oH | + Solve =< Show Errors fa (abe r.) {a ~ W Worksheet in 
[Pa YO hh OO Se-[5 + @ QTR 
iz Show Vertices ®{2Wireframe | O» Show Mesh 34 I Random Colors @ Annotation Preferences 
I| [lEdgeColoringy fv fir Ar Av Av & (bl lel Thicken Annotations 
| Result 0,35 (Auto Scale) ’ @r B v Gr > | [Hid | [23 Probe | Display 


fj Reset Explode Factor: 


} Assembly Center v 


Scoped Bodies 


A; Static Structural 
Total Deformation 
Type: Total Deformation 


ere 


19.4.2016 12:07 


E}~-(=] Static Structural (A5) 128,71 
ZN Analysis Settings 112,62 
96,534 
80,445 
64,356 
48,267 
32,178 
16,089 
OMin 


i 4] Solution Information 
‘om A Total Deformation 


| @) Select Solution 


Details of "Total Deformation" Bi i to see the results. z x 

&]| Scope 
Scoping Method Geometry Selection 
Geometry All Bodies \, Geometry 4 Print Preview, Report Preview / 

5 = qual Delowaaiion Messages 4 X= Tabular Data R 
By aime Time [s] |]¥ Minimum [mm] I} 
|_| Display Time Last 0, iF 
Calculate Time History | Yes 
Identifier 
Suppressed No 

| Results 
| Minimum 0, mm 
{| Maximum 144,8 mm 

Information 


| | 1 Message No Selection [Metric (mm, kg, N,s,mV,mA) Degrees rad/s © 


> There is a lot different things that we can do to change the geometry and see results of different aspects. Let’s try and 
change the cross section’s alignment. Go back to Design Modeler and change the alignment according to the picture. 
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, File Create Concept Tools Units View Help 

[A @ || Dundo redo |jseect * hy | MIAO! S| Mw St+Qagam@agstal[aAl@e |ral| M- Oy ke Ar 4 A AAT 
| XyPlane ~ oh | |sketcht | #3) lI 2 Generate GP Share Topotog, [e5| Parameters || @ Point &> Conversion lI TR bttrude Ge Revolve @& Sweep @ Skin/Loft 

|BladeEditor: @@ImportBGD {Z]LoadBGD | BFlowPath pf Blade pA Splitter -)VistaTFEXp portPoints MMStageFluidZone gfSectorCut (fz ThroatArea pi CAD Import y | @ Preferences 
|\HBS = CHB] - ~-|\maetm®d Blend ¥ ®Charnfer lf Slice 


Tree Outline bag Graphics = 


E}- v{s] A: Static Structural : A N S y; S 


vate XYPI 
A sl eu @ Click the Selection Filter: Edges. R16.2 


@) Choose Y axis to change the Academic 

arrow. 

Eh-v@ld 2 Cross Sections @) Choose our original line. 

| ve Circularl 

| keyIE Channelt 

E~/€@ 1 Part, 1 Body 
lony “~ Line Body 


Sketching Modeling 


Details View a] 
| Line-Body Edge 
Alignment Mode [seledion | 
Alignment X — 
Alignment i 
Alignment Z . 
Rotate 
Reverse Orientation? 


| 6) Cross Section Alignment. 


_ at 


Model View | Print Preview | 
Select a Y-Axis direction for applying cross section data 1 Edge Millimeter Degree 0 fo 


> After finishing the configurations in Design Modeler, Alt+Tab again to get back to Mechanical GUI, update geometry 
from source again, mesh the model and solve it. 
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. Static Structural - Mechanical [ANSYS Academic Research] pa le 
’ File Edit View Units Tools Help || iv) + | 2} Solve y 2/ Show Errors f@ (abe rs} & [A] {aa ~ & Worksheet h 
Jer ¥ O be OR OOle-IS+QQiqgqagatags e/0- 
E ae ®OWireframe | 5% Show Mesh 3k Il Random Colors Annotation Preferences | Be Is Be Pall @f (le Reset Explode Factor: 9 $————__ ssembly Center ¥ 
| CD Edge Coloring x AY Ay AY AY AY a IP +B Thicken Annotations 
| Result 1,5 (Auto Scale) + @-~ By @- > | ICT CI | [23 Probe | Display ScopedBodies 
Outline 4 


A; Static Structural 


pee ie me Total Deforrnation @) You should have 

Project a ane 

w= (@] Model (Aa) che. BE teimEta similar or same results. 
J®& Geometry Time: 1 


19,.4,.2016 12:11 


Ax, Coordinate Systems 


ys) Mesh 27,193 Max 
SE] Static Structural (A5) 24,171 
eek Settings 21,15 
Z, Fixed Support 18,128 


JB, Force 


5] Solution (A6) 15,107 
i Solution Information 12,086 
Af Total Deformation 9,0642 


6,0428 
3,0214 
OMin 


W 
© 
Details of "Total Deformation" a ~ x 
| Scope ~ 
Scoping Method Geometry Selection 
Geometry All Bodies Geometry 4 Print Preview Report Preview/ 
| Definition 
Type Total Deformation BERD == 2) BebilagDeta ey 
By Time | Animation >| me |/a M1 | Q 10 Frames +  2Sec (Auto) > | Ty | @ | fe 3 cies 
Display Time Last 
Calculate Time History | Yes ar 
Identifier =] 
Suppressed No E = 
| Results E- 
Minimum 0, mm 4 
Maximum 27,193 mm = T T 1 
Information Is] 
Messages. Graph =| , 
| No Messages No Selection [Metric (mm, kg, N,s, mV, mA) Degrees rad/s Cr 


4: Static Structural 

Minimum Bending Stress 
Type: Minimum Bending Stress 
Unit: MPa 

Tire: L 

14.6.2016 13:04 


A: Static Structural 

Maximum Bending Stress 
Type: Maximum Bending Stress 
Unit: MAPa 

Time: L 

14.6.2016 13:05 


-1,1635e-10 Max 272,61 Max 


-30,29 242,32 
-60,58 212,03 
-90,869 181,74 
as i Oe ) 151,45 
-151,45 121,16 
-181,74 90,869 
-212,03 60,58 
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“f 


Page | 31 


CHAPTER_II: BEAM SYSTEM 


2.1 Problem Description 


In this chapter we are asked to create a 3D Cube Beam System. The Cube Beam System has a square cross-section 
which is given below. 


# = Inputs > 


Square Cross-Section 
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2.2 Start-Up 


As we progress forward to more complicated tasks/geometries, the steps that we were explaining so detailed in the 
previous chapters won’t be explicated as much. 


® Launch Workbench and save the 
project as “Beam Cube”. 


a _ 


File View Tools Units Extensions Help 


(o)e) (a) y CH Project \. 
i El Import... = Reconnect Refresh Project * Update Project 
; vy ax Ey Schematic 
. 
Design Assessment 
Eigenvalue Buckling 
lectric 
Explicit Dynamics 
uid Flow - Blow Molding (Polyflovs) 
luid Flow- Extrusion(Polyflow) 


V7 
Ba 7 Static Structural 
2|@ Engineering Data 


luid Flow (CFX) 4) @ Mode! La 

luid Flow (Fluent) 5 ia Setup Pa. 

luid Flow (Polyflow) 6 | @ Solution Pa, 
Harmonic Response 7 ie Results >. 
ee Static Structural 


Hydrodynamic Response 
pa IC Engine 
Magnetostatic 

@@ Modal 

(GJ Random Vibration 

(@ Response Spectrum 
Rigid Dynamics 
f@ Static Structural 
(J Steady-State Therma 
(') Thermal-Electric 
Transient Structural 
Transient Thermal 
CY Turbomachinery Fluid Flow 


6) Double-click on 
Engineering Data to check 
Material Properties. 


© Component Systems 
@ Autodyn 

&4 BladeGen 

(a FX 

@ Engineering Data 
Explicit Dynamics (LS-DYNA Export) 
External Data 

@ External Model 

G@® Finite ElementModeler 


By Fluent ; 
By Fluent (with Fluent Meshing) @) Create a Static Structural 
@ Geometry System. 
ICEM CFD ' 
Icepak @ Start up Design 


™ Mechanical APDL Modeler and select 


“millimeters” as 


length unit. 
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Tree Outline 
A al A: Static Structural 
~~ bf. XYPlane 
vot. ZxXPlane 
vot. YZPlane 
y @ Boxl 
yp 1 Part, 1 Body 


Jetails View 
=| Details of Box1 
Box 


Base Plane 
Operation 

Box Type 

Point 1 Definition 


FD3, Point 1 X Coordinate 

FD4, Point 1 ¥Y Coordinate 

FDS, Point 1Z Coordinate 1 
Diagonal Definition 

FD6, Diagonal X Component | 


FD7, Diagonal Y Component | 
FD8, Diagonal Z Component 
Ac Thin/Surface? 


lomm 
Omm 


| Components 


Boxl 


|xyPlane 


Add Material 
From One Point and Diagonal 
Coordinates 


Omm 
100 mm 


100 mm 
100 mm 


1D Analysis, Nominal Stress, Alignment 


@) Select XYPlane, go to Create/ Primitives/ 
Box. 


©) Click Generate. 
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@ Concept/ Line from Edges. 


@ Click Generate 


a: Static Structural 


| File Create Concept Tools Units View Help 

| Z| =| fa | a || Undo Redo | Select: | “ty hy | 
|My ly fy At At A AO A 
| 


BelStPQagagagaty 


golay | wy 


XyPlane yok | None > fa | z Generate Share Topology {£5|Parameters | | [Rbtrude a Revolve & 
| (Thin/Surface @Blend y ®&Chamfer Slice | @ Point 8 Conversion 
| Tree Outline A 3 1 


a A: Static Structural 


{D Select Loops / Chains 
D Select Smooth Chains 


yt. YZPlane Selection Filter 


JB linet @ Isometric View 
J&B 2 Parts, 2 Bodies wee Set 

aie Restore Default 
Zoom to Fit (F7) 


Cursor Mode 
View 
9% Look At 


ZY Generate (F5) 


Sketching Modeling 


Details View 


| Details of Line1 
Lines From Edges [linet 
Edges |12 
Faces |o 
Operation | Add Materi 
# Edge joints generated |12 
# Expired edge joints {12 


| 


Model View 


Ready |No Selection [Millimeter Degree 0 [0 


> The Lines From Edges feature allows the creation of Line Bodies in ANSYS DesignModeler that are based on existing 
model edges. The feature can produce multiple line bodies, depending on the connectivity of the selected edges and 
faces. Select 3D model edges, and faces through two Apply/Cancel button properties. 
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@) Concept/ Line from Points 


=ons 


: Static Structural - DesignModeler 


File Create Concept Tools Units ns 
AGW) || Oundo Aredo ||seect * br MW OSE mI St+Qggagaak milalee |e 
My Wy fy Ay AY AY AAT 


XyPlane ’ H | None > fl | Generate Share Topology [5] Parameters || WBExtrude @wRevolve QSweep } Skin/Loft @ Select first point and by holding | | 
WBThin/Surface QBlend y QChamfer MB Slice Ctrl select the second point. 


| @ Poi FB Conversion 


Tree Outline a 
| AgB) A: Static Structural 


@ Click Generate. 


vt 2 Parts, 2 Bodies 


L- 


\ 4 


Details View 
Details of Line2 
Lines From Points | Line2 


Apply Cancel | 


Operation Add Material 


Model View 
‘ines From Points Creation -- Select pairs of 2D points, 3D vertices, and Point Feature points for this feature in Point Segment [Millimeter Degree jo lo 


> The Lines From Points feature allows the creation of Line Bodies in ANSYS DesignModeler that are based on existing 
points. Points can be any 2D sketch points, 3D model vertices, and point feature points (PF points). The feature's 
selections are defined by a collection of point segments. A point segment is a straight line connecting two selected 
points. The feature can produce multiple line bodies, depending on the connectivity of the chosen point segments. 
The formation of point segments is handled through an Apply/Cancel button property. 
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Whole Solid Body View Suppressed Body View 


> After you are done sketching, right-click on Solid > choose suppress body and you should have the same looks as 
above 
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@ Pull down Concept/ Cross-Section/ 
Rectangular. 


. Create | Concept Tools Units View Help 


~ LIne 
) ke] BI | Lines From Points lect: [*y ky May fh) Ik a ‘A 1 Cross Section 
Iy Dv J 2) Lines From Sketches jae | ony MD Rect 
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—— & 3D Curve vy ™ Line Body 
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: 2) Surfaces From Sketches 
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Sketching Modeling 


| Details of Line Body 


Body Line Body 
ve Lined L Z Section =m 5 
Paes LL, | Section For 3 
ave oo dL, T Section Vertices 8 
‘line Bod Jil Hat Section arene ~e : | 
e . Rectangular Tube set Type | Centroi 
Shared ethod Edge Joints 


User Integrated 
@) User Defined 


DesignModeler 


Details View 
Details of Recti 
Sketch 
Show Constraints? 
Dimensions: 2 
B 
H 


Our cube body with default cross ‘i : | 
section alignments. | | 


© Turn on View/ Cross Section 


(©) Turn on View/ Cross Section 
Solids. 


Alignments. 


View Help 


i View Help 
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| Wireframe f Shaded Exterior 
Graphics Options Wireframe 
] Graphics Options 
| 


Frozen Body Transparency 


| Edge Joints lv eee id Transparency 
Cross Section Alignments ee : : 
2 oe ¥ Cross Section Alignments 
Display Edge Direction ‘ eee 
x a Display Edge Direction 
Display Vertices i : 
lew Display Vertices 
v —_ 
v Cross Section Solids 
Ruler 
v Triad 
Outline » 
Windows » 
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Chapter_lIl: Beam System 


Cross-Section Alignments 


1D Analysis, Nominal Stress, Alignment 


The default cross section alignments usually need to be adjusted so that they are consistent with the reality. In this 
chapter we decided to leave them default. In other words cross section alignments do not affect the structural response too 
much in this case. 


i File Create Concept Tools Units View Help 
Refresh Input 

Z| Start Over (Ctrl+ N) 

ee Load DesignModeler Database... (Ctrl+ 0) 
LA] Save Project (Ctrl+ 5) 

Export... 

Attach to Active CAD Geometry 

Import External Geometry File... 

& Import Shaft Geometry... 


il @ 


§& Write Script: Sketch(es) of Active Plane 
Run Script 


@ Print 


ka Auto-save Now 
Restore Auto-save File 


@) Double-click Model to start the Mechanical. 


.atic Structural - Mechanical [ANSYS Academic Teaching Advanced) 


wa Solution 


@ Results 


Static Structural 


Units Tools Help | | go + | 4 Solve v ?y 
Metric (m, kg, N, s, V, A) 
Metric (cm, g, dyne, s, V, A) 

gi 
Metric (mm, t, N, s, mV, mA) 
Metric (mm, dat, N, s, mV, mA) 7 | 
Metric (um, kg, LN, s, V, mA) J 
U.S. Customary (ft, Ibm, Ibf, °F, s,V, A) | | 
U.S. Customary (in, Ibm, Ibf, °F, s, V, A) j 


[v Degrees | 
Radians j | 


'v rad/s j | 


RPM | i 


'¥ Celsius (For Metric Systems) | | 
Kelvin (For Metric Systems) | | 


6) After generating mesh, this is 


ile Edit View Units Tools Help || @ “i GSolve ~ 2/ShowEros fH at [G @ (A) [@& > (Worksheet ix 
ae Gr ROW OREIS|SFQQliQHagatnwe & O/0- 


your displayed Mesh. 


Show Vertices @@Wireframe | 7% ow Mesh 2k Bl Random Colors @ Annotation Preferences | 1, 1, Ht Je Reset Explode Factor =$————_ assembly center 
& L, 


| Edge Coloringy Ar Ar Ar Ar Av A VA lI thicken Annotations 


|Mesh Update | @Mesh + @, Mesh Control ~ @p Mesh Edit + | yhMetric Graph | Probe | He ww | Qe 


Bara 


J Create Pinch Controls 


J) Clear Generated Data 
ab Rename (F2) 


Start Recording 


Details of "Mesh* 
(2 Display 
Display Style Body Color 
[5| Defaults 


@) Generate Mesh. 


aay 


em) 


ONT 


Physics Preference | Mechanical Geometry {Print Preview) Report Preview/” 


[Relevance 0 

Saing 

Inflation 

Patch Conforming Options 
Patch Independent Options 
Advanced 

Defeaturing 

Statistics 


Messages 


aa 


ae af 


ax 


[50 No Messages ‘No Selection 


Metric (mm, kg, Ns, mV, mA) Degrees rad/s Celsius 


NTA © | 
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Chapter_ll: Beam System 


, Environment Inertial y Loads ¥ 


Outline 


| Filter: Name 


Scope 


‘af 2 Coordinate Systems 


Mesh 


Displacement 
Remote Displacement 
Velocity 

Impedance Boundary 
Frictionless Support 
Compression Only Support 
Cylindrical Support 

Simply Supported 

Fixed Rotation 
Elastic Support 


1D Analysis, Nominal Stress, Alignment 


@) Highlight Static Structural in the 
project tree and select Supports/ Fixed 


Support. 


B) Click Apply. 


Scoping Method 


Geometry Selection 


Apply 


=|| Definition 
Type Fixed Support 
Suppressed No 


_ Environment SA, Inertial ¥ 


Outline 


| Filter: Name 


J Mesh 


&. Loads y Supports » “* Conditions + 


CW. Pressure 


— &, Pipe Pressure 


a, 


“& Geometry A, Remote Force 
‘vos, Coordinate Sys 


®, Bearing Load 


Static Struct, a Bolt Pretension 
\\ Analysis § %, Moment 


Fixed Sup Generalized Plane Strain 
Solution @® LineP 
i] son] 2 Line Pressure 


@j Thermal Condition 


w], Pipe Temperature 
ce Joint Load 


*}) Detonation Point 


CH. Hydrostatic Pressure 


GA, Fluid Solid Interface 


®., Rotating Force 


[=]| Scope 
Scoping Method | Geometry Selection 
Geometry 1 Vertex 
=]| Definition 
Type Force 
Define By Components 


Coordinate System 


Global Coordinate System 


X Component 


0, N (ramped) 


200, N (ramped) 


Zz Component 7 


0, N (ramped) 


Suppressed 


No 
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G6) Input the correct data 
as shown on the figure. 


@ Select the 4 vertices at the 
vase. You may need to turn 
on/select vertex select filter. 


Details of "Force" R 
(=|| Scope 

Scoping Method | Geometry Selection 

Geometry 1 Vertex 
=]| Definition 

Type Force 

Define By Components 


Coordinate System 


Global Coordinate System 


X Component 


0, N (ramped) 


Y Component 


0, N (ramped) 


Suppressed 


150, N (ramped) 
No . 


@ Follow (), select P2 and click 
Apply 


Chapter_lIl: Beam System 


Project 

B- Model (A4) 

Je Geometry 

f s Coordinate Systems 

a 0) Mesh 

GE] Static Structural (A5) 
VA Analysis Settings 

2 Fixed Support 


+ Total Deformation 
eZ EA| Beam Tool % 
GB Direct Stress 7 
4 Minimum Combined Stress 
‘ff Maximum Combined Stress 


\ 


A: Static Structural 
Total Deformation 
Type: Total Deformation 
Unit: mm 

Time: 1 

30,5,2016 13:22 


0,0045655 Max 
0,0040582 
00035509 
00030436 
0,0025364 
00020291 
O,0015218 
0,0010145 

pe 0, 00050727 

= 0 Min 


‘@) Maximum Deformation = 0.0045 mm 
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| Filter: Name ¥ 


Qahry Be) 


@) Highlight Solution Branch. 


1D Analysis, Nominal Stress, Alignment 


8, Deformation » ™, Strai 


@, 


a, Directional 
Total Velocity 
™, Directional Velocity 


Total Acceleration 


Directional Acceleratior 


assesses 
| (@) Tools ~ | 9, User 


Stress Tool 


Fatigue Tool 
Contact Tool 
() Bolt Tool 


Fracture Tool 


_ 


ee 


A: Static Structural 
Direct Stress 

Type: Direct Stress 
Unit: MPa 

Time: L 

30,5,2016 13:24 


3,4848 Max 
2,8059 

2,127 

1.4481 
0,76921 
0,090314 
-0,59858 
-1,2675 
-1,9464 
-2,6253 Min 


@) Maximum Direct Stress = 3.48 MPa 


(©) Select Tools/ Beam Tool. 


-3,0451 Min 


Peet < 003 (Auto scale) 


Outline |9.0 (Undeformed) 
1.0 (True Scale) 
| Filter: |9,8e+002 (0.5x Auto 


2,e+003 (Auto Scale} 
Pra3 9e+003 (2x Auto) 
El 1G&49.8e+003 (5x Auto) 
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The combined stress ranges from -3.9 MPa to 4.2 MPa. 


B) Changing the result scale will make the animation more obvious. 


CHAPTER_III: PLATE 


3.1 Problem Description 


In this chapter we are interested to know the concepts of Finite Element Simulation, like “Stress Discontinuity”, 
“Structural Error”, “Stress Singularity”, “Finite Element Convergence”. 


To demonstrate this concepts we are going to use a Plate geometry with notch, which is made out of steel and has the 
given dimensions. The bar has Fixed Support on the left side and is subject to a tension of 5SOMPa on the right side. 


# Input > 
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3.2 Start-Up 


> Launch Workbench, create a Static Structural system by choosing it from the list on the left (toolbox). Save the project 
before we begin, to an appropriate location and name. 


@ Check your Engineering Data, 


to make sure that your material 
; : zz Static Structural 
properties are as it should be. 
@ EngineeringData Y 4 


> Geometry 
(4)@ Model 2 
@ setup T 4 
Pu 
4 


2) Select Geometry, and change the 
Analysis Type from 3D-2D, on the right. 


| Solution 


= Advanced Geometry Options 


©) Double-click on Geometry 


to start DesignModeler. 


> Assoon as DesignModeler opens, go to Units and select Millimeters. 


3.3 Creating the 2D Geometry Model 


> Let’s start creating our Geometry. Choose XYPlane as your sketch plane, open Sketching tab and create our Plate Bar. 


Al@e [sa My my Ay AK 
Skin/Loft || s 


me lf. 


Look At Face/Plane/Sketch| 


When you select Draw — Line and move your mouse to the Graphic area, you will notice that in certain positions the 
mouse pointer will present different letter, depending on the position which the pointer is. 


Our Geometry is Symmetrical, which means that we will only sketch half of the drawing and then when we are done 
we will use Mirror command to create the other half. 
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ketching Toolboxes 


@) Go to Draw/ Line and 
sketch this Geometry. 


[NX Line Dimensions 4| 
8 Tangent Line [@General tt tt—<“isi—sSCS 
& Line by 2 Tangents t Horizontal 

TAS Dobdine T[ Vertical 


Aal enath MNietance 


o 


Details View 8) Go to Dimensions/ General and assign 
&]| Details of Sketch1 the dimensions according to our data. 


Sketch Visibility Show Sketch 


Show Constraints? 


| Dimensions: 5 


@ Go back to Modelling Tree A eee 
vt. ZXPlane 


_/€ 0 Parts, 0 Bodies 


Modeling j 


Sketching 


Details View 4 


| Details of SurfaceSki 


Click on Generate. 


Base Objects 
Add Material 
Orient With Plane Normal? | Yes 
Thickness (>=0) 


® Thickness = 10 mm. 
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, Create 


©) Go to Create/ Body 


New Plane i if 
ss Transformation/ Mirror. m 

Extrude = 
fa Revolve Bs) A: Bar 
&, Sweep Eva pees 

bby Sketch 
S v' 

@ Skin/Loft ya ZXPlane 
[@ Thin/Surface wots YZPlane 


@ Fixed Radius Blend 


4 Mirrorl 
@ Variable Radius Blend 4 Mirror 


E)-/€a 1 Part, 1 Body 


<< Vertex Blend hoaway BY 
® Chamfer 
=e © For Mirror Plane choose 

attern 


5 Body Operation ZXPlane from the Tree Outline. 


Body Transformation 


Details View Gs 


Boolean - - 
oc 
Mirror Mirrorl 
BEES Preserve Bodies? | Yes 
Point IwirrorPlane [Zi@lane 
Bodies Apply Cancel 
Primitives 


Click Apply. 


@) For Bodies, choose our Surface Body. 


©) Click on Generate. 


End result. 
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3.4 Set Up Mesh Controls 


Vv 
1 Static Structural 


2 2 Engineering Data “ 4 
® Open up Mechanical by 3 | Gi) Geometry V4 
double-clicking on Model. 4[B moc] 

' 5 | € setup P.4 

6 B Solution F 4 

z/ @ Results F 

Project Bar 
Bhs Model (A4) 
A pase tH Geometry 


yg By Surface Body 


@) Before getting to the next 
steps, highlight Geometry. 


Source | CAUserARUbiK\Desitop Course BooKANSTS WETS. 
length Unt [Metess Cd 


&@. Mesh Control 
(i Method 


‘, Mesh Group 
ee ee 
‘#. Contact Sizing 


&d Refinement 


fH Face Meshing 
fi Match Control 
(@ Pinch 

@ Inflation 

@ Sharp Angle 


® Gap Tool 


= aa se 6) For Geometry, choose the sharp 
Detail of ertex Stang’ ~ Sting corner where the two lines meet. 


Scoping Method | Geometry Selection 
: @) Input Sphere Radius and Element Size. 


siti 
Suppressed No 


Type Sphere of Influence 
Sphere Radius | 20, mm = 


Mi ElementSize PA 


# Right-click on Mesh/ Generate Mesh. 
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3.5 Set Up Supports, Loads 


wy Supports ¥ 
ris EViscasimpot 
sates ® Make sure “Metric” units are selected. @, Displacement 
Metric (m, kg, N, s, V, A) as . Le : 
Metric (cm, g, dyne, s, V, A) a Remote Displacement 


Gh Velocity 


[vy Metric (mm, kg, N, s, mV, mA) a 
# Impedance Boundary 


Metric (mm, t, N, 5, mV, mA) 

Metric (mm, dat, N, s, mV, mA) 

Metric (um, kg, HN, s, V, mA) 

U.S. Customary (ft, Ibm, Ibf, °F, s, V, A) 
U.S. Customary (in, lbrn, Ibf, °F, s, V, A) 


[vy Degrees 


a, Frictionless Support 
© Compression Only Support 


|Details of "Fixed Support” © Cylindrical Support 


#. Simply Supported 
® Fixed Rotation 
&@) Elastic Support 


Radians 
|Type | Fixed Support | 
[v aap | Suppressed |No ] 
Loads 
[vy Celsius (For Metric Systems) aw Pressure 
Kelvin (For Metric Systems) B) Loads/ Pressure of 50 MPa to W, Pipe Pressure 


X Component on the right side. Hydrostatic Pressure 


&, Force 

@, Remote Force 

®, Bearing Load 

ai Bolt Pretension 

%, Moment 

ww Generalized Plane Strain 
&, Line Pressure 

@ Thermal Condition 
®), Pipe Temperature 
@ Joint Load 

, Fluid Solid Interface 
*)) Detonation Point 


Details of "Pressure" 


Pressure 
Components 


Coordinate System | Global Coordinate System 
X Component |50, MPa (ramped) 


 Wieeynrrtans 0, MPa (ramped) 


ZComponent |0, MPa (ramped) 
Suppressed 


No 


'®, Rotating Force 


@, Deformation ¥ 

®, Total 

», lotal Velocity 

= Directional Velocity 
®. Total Acceleration 


@) Insert Deformation/ Directional Deformation. 


3.6 Set Up Solution Outcome Branch 


Details of "Normal Stress 2" 


®. Directional Acceleration 


{ @, Stress ¥ 


8B) One Averaged Normal Stress, and 
a the other one will be Unaveraged. 


@, Equivalent (von-Mises) 


@, Maximum Principal 
@, Middle Principal 
a, Minimum Principal 


Average Across Bodies | No 


@, Maximum Shear 


Sg @, Intensity 
Eg] Solution (A6) A, 
i Solution Information @ Click on Solve. LalNormal 


@ Directional Deformation , Shear 


@, Vector Principal 


JG Normal Stress 2, Unaveraged 
a, Error 


@, Membrane Stress 
&, Bending Stress 
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3.7 View the Results 


The calculations are element-by- 
element. The figure in the right is a 
typical result of stress calculation. Note 
that a node may have multiple stress 
values, since the node may connect to 
multiple elements, and each element 
calculation results a value. 


By default, stresses are averaged on the 
nodes, and the stress field is 
recalculated. 
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0,035828 
0,031349 
0,026871 
0,022392 
0,017914 
0,013435 
0,0089569 
0,0044784 
OMin 


87,326 
14751 
62,175 

49,6 

37,024 
24,449 
11,873 
-0,70245 
-13,278 Min 


-16,063 Min 


3.7.1 Perform Simulations 


In section 3.4, we set up the Mesh controls, including Sohere Radius and Element Size. The reason we did that was to 
make the mesh finer in a specific area of our geometry so that the results in that area would be more accurate. In this 
section we are going to run multiple simulations making the mesh in that point increasingly finer. 


As we proceed we will change the Element Size and the 
Sphere Radius, and see how it affects our results. 


Element Size {mm] Sphere Radius [mm] Max Normal Stress [X Axis][MPa] 


Stress singularity is not 2 20 99.902 
limited to sharp corners. 1 10 132.1 
Any locations that have 0.5 5 172.8 

stress of infinity are 
called singular points. 0.2 2 286.56 
0.1 2 423.31 


You can see from the results of Maximum Normal Stress, that each time that we decrease Element Size and Sphere Radius 
(meaning that the mesh is getting finer) the difference between Stresses increases. 


For example: First Difference [ 132.1 - 99.9= ~32MPal] 
Second Difference [ 172.8 — 132.1 = ~“40MPal] 
Third Difference [ 286.56 — 172.8 = ~100MPal] 


We can understand from those results that, the finer the mesh gets, the difference between the two results is getting bigger, 
theoretically touching infinite. 


50 


Max Normal Stress in X=Direction (MPa) 


2 1 0.5 0.2 0.1 
Element Size at the Sharp Corner [mm] 
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Chapter_Ill: Plate 2D Analysis, Plane Stress, Notch, Singularity 


@ Drag the Geometry tab from the 
previous system, to the new Static 
Structural system to modify it. 


(~ Fillet 
/” Chamfer 

—"? Corner 

+ Trim 

7 Extend 

£ Split 

fi] Drag 

% Cut (Ctrl+ X) 
g + 
@) In order to be able to edit the Pee eah 
Geometry you will need to Delete the link oP Move 
between those two systems. oy Replicate 
Duplicate 

> Offset 


6 Solution | 
7 | Results al 


Bar Filleted Bar 


Dimensions 


a i Modeling 


Go to Modelling tab and | J Generate 


click on Generate. 
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3.8.1 Set Up New Supports, Loads 


Make sure you got the correct Units selected in the Unit tab. Specify fixed support on the left edge and horizontal 


force of 50 MPa on the right edge. 


Insert Direction Deformation and two Normal Stresses (Averaged and Unaveraged), under the solution branch. 


3.8.2 Set Up New Mesh Controls 
@) Highlight Mesh, go to Details of Mesh and 


change: “Use Advanced Size Function”, 
Element Size”, “Element Midside Nodes”. 


Petails of “Mesh” 
| Display 
Display Style 
| Defaults 

Physics Preference 
Relevance 
Sizing 
Use Advanced Size Function 
Relevance Center Coarse 
Element Size 10,0 mm 
Initial Size Seed Active Assembly 

Smoothing Medium 
Transition Fast 
Span Angle Center Coarse 
Minimum Edge Length 
Inflation 
Patch Conforming Options 
Patch Independent Options 


Body Color 


Mechanical 
0 


Details of “All Triangles Method” = 
 &| Scope 


Scoping Method Geometry Selection 


1 Body 


Number of CPUs for Parallel Part Meshing | Program Controlled 
Shape Checking Standard Mechanical 
Element Midside Nodes Dropped 


Suppressed 


Element Midside Nodes | Use Global Setting 


@ Click on Solve. 


3.8.3 View the Results 


90747 
2,3662 Min 
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sol Mesh Control ¥ 


‘| Method 


‘®, Mesh Group 
1. Sizing 

‘@. Contact Sizing 
A&A Refinement 


EB Face Meshing 
fy Match Control 


(a Pinch 
&® Inflation 


Sharp Angle 
@ Sharp Ang 


@ Gap Tool 


p|Demnfon SSSCSC~C—~—CSS 


Chapter_Ill: Plate 2D Analysis, Plane Stress, Notch, Singularity 


@, Stress v 


@, Equivalent (von-Mises) 
&, Maximum Principal 
&@, Middle Principal 


@, Minimum Principal 


@, Maximum Shear 
@, Intensity 

@, Normal 

@, Shear 


@) Click on Solve. 


@, Vector Principal 


9, 
@, Membrane Stress 
@, Bending Stress 


B: Filleted Bar 
Structural Error 
Type: Structural Error 
Unit: mJ 

Time: 1 

16.6.2016 14:45 


0,36341 Max 
0,32304 
0,28266 
0,24228 

0,2019 

0,16152 
0.12114 
0,080759 
0,04038 
2,6656e-7 Min 


For an element, strain energies calculated using averaged stresses and unaveraged stresses 
respectively are different. The difference between these two energy values is called “Structural Error” 
of the element. The finer the mesh, the smaller the structural error. 


The structural error can be used for two purposes: @ As an indicator of global mesh adequacy and 
@ As an indicator of the local mesh adequacy. 
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3.10 Finite Element Convergence 


One of the core concepts of the finite element method is that, as mentioned, the finer the mesh, the more accurate 
the solution. Ultimately, the solution will reach the analytical solution. But how fast does it approach that solution? This is 
what we want to answer in this part of the chapter. 


The answer depends on what kind of element we are using. In the next steps we will compare lower-order Triangular 
with lower-order Quadrilateral elements. The comparison will of course be in the same part of the Geometry so that the results 


are comparable. @) Repeat the foregoing 
simulation. Change the Element 


Jetails of "Mesh" 
Daly | @ Repeat > @). 

Defaults i 

| Sizing 

Use Advanced Size Function | Off 


“Automatic Method" - Method 


Size, record the Number of Nodes 


Scoping Method Geometry Selection and the Max. Displacement. Relevance Center Coarse 
Geometry 1 Body x (J Element Size 0,50 mm 
a Initial Size Seed Active Assembly 
E] Definition Smoothing Medium 
Suppressed No Transition Fast 
Method Quadrilateral Dominant 2) Change the Method and the Span Angle Center Coarse 


Minimum Edge Length 10,0 mm 
Free Face Mesh Type likewise. Inflation 

Patch Conforming Options 

Patch Independent Options 
Advanced 

Defeaturing 

Statistics 


Element Midside Nodes | Use Global Setting 
Free Face Mesh Type All Quad 


Element Size [mm] Number of Nodes Max Displacement. 


O & & & 


10 103 0.03852 Nodes FEE 
6 221 0. 038843 Mesh Metric None 
695 0.039041 0.0392 @.039126 0.039132 
0.0391 0.039041 
5027 0.039126 =" 
E 0.039 
0.5 19343 0.039139 2 0.0389 
= 0.0388 
3 0.0387 
Element Size [mm] Number of Nodes Max Displacement. 2 9.0386 
10 185 0.038947 © 0.0385 
6 496 0.039066 peas 
103 221 695 5027 19343 
1845 0.039121 Number of Nodes 
1 15470 0.039142 
ee 0.039142 0.039144 
0.5 60479 0.039144 = SSS . 
= 0.0391 0.039066 
Here, we can observe a different phenomenon than the one 7 
we saw before. In this case as the Element Size decreases, the 5 
Number of Nodes increases, and as a result the Maximum 3 0.039 4.9389 
Displacement also increases. a 
Taking a closer look at the Displacement results, someone can 0.0389 
see that the differences are getting smaller, therefore 185 496 1845 15470 60479 
convergent to some precise value. Number of Nodes 


Stress_Convergence 


00 
(o) 


(op) 
oO 


7s 
a 
2 
w 
w 
i) 
- 
7) 
270 
ov 
Te) 
oO 
i 
i) 
= 
<q 
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3.11 Stress Concentration 


If we want to see how the stress concentrates in a specific area, we will need to create a path and then we will 
investigate the stresses along that path. Path command is also useful to make finer mesh in that specific area. 


A path can be defined by two points, or an edge. Coordinates of the points can be either picked from the model or 
typed in the Details View. 


Any result objects can scope ona path. After solving, a result vs path data table along with a graph will be generated. 
When a path is short enough, it essentially becomes a single point. It is useful when you want to investigate the results 


of a point. @ Highlight Model/ | Construction Geometry (~ Path 
Construction Geometry. 


| Model | Construction Geometry 


| Filter: Name Project 

Project E — (B4) 

= eal it ie Geometry 
i 2 Ty 


Details of "Path" F 
— B) Select this vertex. You may need to turn on 


Path Type Two Points Selection Filter: Vertex. 
Path Coordinate System Global Coordinate System 
Number of Sampling Points | 47, 
Suppressed No 


Coordinate System Global Coordinate System 
Start X Coordinate 157,5 mm 

Start Y Coordinate 25, mm 

Location Click to Change 


Coordinate System Global Coordinate System 
End X Coordinate 0, mm 

End Y Coordinate 
Location Cancel 


Details of "Normal Stress 2” 


6) Insert another Normal Stress, and in 


the Detail View, select “Path” for both Path 
Scoping Method and Path. Path Path 


|Type | Normal Stress 


[Ariantatinn lv Avie 


So far, whenever we added a solution, in the solution branch, or Bel Solution (B6) 
we changed something in the mesh, afterwards to check the fia Ad Solution Information 
results we were using Solve option to do so. . a 
We only did that, because it was faster and easier for us. 5 “AB Normal Stress 2, Unaveraged 
When you choose “Solve” to start the computation, it AGB Structural Error 
automatically runs all the Solution Information that we have 
added in Solution branch, even when some of those are already 
been computed. So far our computation were not so complicated 
and the resolving was fast. 

Imagine what will happen when you have a computation that 
could last over a week, a modification in the mesh would be a 
huge time consumer. 

There is a way to compute only the concepts that are not already 
computed, check the figures on the left. 
Summarizing: You have to solve the computational model again. 


Insert r 


2 Evaluate All Results 


 (S) Suppress 

| |B? Duplicate 

B® Duplicate Without Results 
Copy 

& Cut 


Z) Clear Generated Data 


But when you add more result outputs, like Normal Stresses, © Right-click on % Delete 
Equivalent Strain, etc.., you need to update the results by Normal Stress 2 (the afb Rename (F2) 
“Evaluate All Results” option. one containing Path), alb Rename Based on Definition 
and Evaluate All 


Group 
Group Similar Objects 


Results. 
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3.11.1 View the Path Results 


@) Since the results scope on the path, only the 
path has stress values, indicated by the colors. 


@) With “Normal Stress” highlighted, 
Mechanical GUI should look like this. 


@) This is the curve of Stress Vs Length. 


Tabular Data 
Length [mm] |J¥ Value [MPa] 


47,328 
46,444 
46,146 
45,842 


45,219 


44,9 
|44,575 
44,246 
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CHAPTER_IV: SHAFT 


Reference --> University of Wisconsin- 


4 1 Problem Description Madison, Department of Engineering 


Phucsirs 


Axisymmetric Analysis - The axisymmetric problem deals with the analysis" of structures of revolution under 
axisymmetric loading. A structure of revolution is generated by a generating cross section that rotates 360° about an axis of 
revolution, as illustrated in Figures below. Such structures are said to be rotationally symmetric. 


A structure of revolution by itself does not necessarily define an axisymmetric problem. It is also necessary that the 
loading, as well as the support boundary conditions, be rotationally symmetric. 


Axisymmetric elements are 2D elements that can be used to model axisymmetric geometries with axisymmetric load. 
In simpler words, we are converting a 3D Geometry to a 2D Geometry making the model smaller, therefore faster execution 
and faster post processing. 


We only model the cross section, and ANSYS accounts for the fact that it is really a 3D, axisymmetric structure. 


Examples before beginning our task 


Cases: Surface needed: 
Cylinder with hole. 

# In  ANSYS, axisymmetric 
models must be drawn in XY 
Plane. 

# The X direction is the radial 
direction. 

Pyramid. 

# The 2D model will be rotated 
about the Y axis (always 
about x=0). 

# Nothing in you model should 
be in the region X<0. 

Vase. 


# In post processing oy will be 
the radial stress, oy will be the 
axial stress, and o; will be the 
“hoop” stress. 
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a escription 


In this chapter we consider the finite element discretization of axisymmetric solids. We were given a Steel Shaft with 
dimensions which are given below. Purpose of this chapter is to evaluate stress concentration factor of the shaft notch, 
compare the result with the experimental data and fully understand the concept of Axi-symmetry and its possibilities. 


# Inputs > 
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4.2 Start-Up 


Open ANSYS Workbench, create a Static Structural system, and make sure that you saved your case study before 
moving forward. Next step is opening Engineering Data tab, to check if the material properties are correct. After doing, that 
highlight Geometry and change the Analysis Type on your right, from 3D to 2D. Double-click Geometry to start sketching. 


_——— 
| &) Analysis Systems 7z| Static Structural 


Za Rigid Dynamic € © EngineeringData “ 4 
Static Structural eg : 


PY Steady-State Thermal 


Q) > Analysis Type 2D Solution 
3D 
2D Ye Results 
4.3 Create Body 


> After DesignModeler opens, get to the Units tab, and select Millimeter. Highlight XYPlane and start sketching. 


Units View Help @ Millimeters for Units. 
v Meter 


Centimeter aa @ xyPlane, Look at Face View. 
Millimeter —- — 


Micrometer El WE) A; Shaft 


Foot — - pa XYPlane 


Inch 
Large Model Support 
Degree 


Radian 


Sketching Modeling 
Model Tolerance 


>ketchingi! oolboxes 4 
Draw 2 
|| \, Line 


6 Tangent Line 

6 Line by 2 Tangents 
[A Polyline 
Vy (33Polygon 

¥ T Rectangle 
Rectangle by 3 Points 


= 
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Open End (@ > Draw down this sketch, 
and try to take advantage of the 
pointer letters we mentioned 
above. Closed End is necessary at 
the end point. 


Back 


Selection Filter 


" Restore Default 
@ Zoom to Fit (F7) Q) > In this figure you can see 
Cursor Mode your end sketch if you use the 


View 


point letters correctly. Adjust the 
dimension similar like on this 
figure. 


99 Look At 
ZY Generate (F5) 


B) > Dimension Box, input the 
following dimensions to 
complete our Sketch. 


(4) > Go to Modify, Fillet and 
place it at the point where we 
want our shaft to have the 
radius. 


G) > Dimensions, Radius and 
place it likewise the figure, also 
change the radius input to 5mm. (4) 
A Warning window will pop-up, 

telling you that some edges or 


9 Toolboxes a : : 
=a radius will be deleted, you can 
Modify «ignore that warning window. 
(- Fillet Radius: 25mm 
/~ Chamfer a 
Sketching Toolboxes | q 


} General 

‘4 Horizontal () 
TL Vertical 

* Length/Distance 


[Radius ss 


i) Diameter 
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Chapter_lV: Shaft 2D Analysis, Axi-Symmetry, Notch 


Concept 
“eo Lines From Points 
£3) Lines From Sketches 
(Fj Lines From Edges 
4A, 3D Curve 

“~, Split Edges 

@® Surfaces From Edges 


A 


@ Surfaces From Faces 


@ Highlight Sketch1, and go to Concept/ 
Surfaces From Sketches to create our 
surface. 


i Detach 
Cross Section 


Details of SurfaceSk1 
Surface From Sketches 
Base Objects 1 Sketch 

Operation Add Material 


Orient With Plane Normal? 
Thickness 6 =0 onm —~*d 


SurfaceSkL @ Your revolved model should look 
like this. 


aa 
See Vv 
a 2 Parts, Insert » 


2} Sk %, Edit Selections 


G6) Details View of Revolve option. 


Is) 
Suppress & All Below 


Details View 
Details of Revolvei 


Revolve 
Geometry 
Axis 


Create Concept Tools Units 


oh New Plane 
[ Ettrude 


| a Show Dependencies 


Revolvel 
Sketchi 


Plane Normal X Delete el 2 
Operation Add Material 2} Generate (F5) @, Sweep 
Direction Normal alb Rename (F2) § Skin/Loft 


Thin/Surface 


[|_| FD1, Angle (>0) | 360° 
| 
Merge Topology? 
]| Geometry Selection: 1 


Sketch Sketch1 ; 


@ Fixed Radius Blend 
@, Variable Radius Blend 
<I Vertex Blend 

® Chamfer 


Pattern 
‘Gi Body Operation 
Body Transformation » 
® Boolean 
ff Slice 


Delete 


$ Point 


Primitives 
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4.4 Set Up Mesh Controls 


After finishing your sketch, close DesignModeler and open up Mechanical. First thing we need to adjust before start 
dealing with the Analysis, is to change Geometry’s behavior. 


Details of "Geometry" 


@) Highlight Geometry, move to Details of “Geometry” and 
change 2D Behavior to “Axisymmetric”. 


G\Users\kubik\Desktop\Course_Book\ANSyY... 
DesignModeler | 


Length Unit Meters 
Element Control aldo Controlled 
20 Behavior 


sol Mesh Control v 


@) Highlight Mesh, and choose “Sizing” Display Style 
Rp Method from Mesh Control drop down list. #]| Bounding Box Ausmmet 


ey 
‘a, Mesh Group Properties 


Statistics 
“a. Contact Sizing (4]| Basic Geometry Options 
dy Refinement | Advanced Geometry Options 


Generalized Plane Strain 


fH Face Meshing 
fy Match Control 
fa Pinch 


Scoping Method Geometry Selection 
A® Inflation Geometry 1 Face 
Sharp Angle Definition 
QO Gap Tool Suppressed No 

Type Element Size 


(| Element Size 2.mm 

Behavior Soft 
@, Mesh Control v r ie (| Curvature Normal Angle | Default 
ff Method "| Growth Rate Default 
"Mesh Group () Details of Refinement, for Local Min Size Default (0.8359 mm) 

Geometry choose ©) 

1. Sizing 
“wl. Contact Sizing 
& Refinement ~ ‘Details of "Refinement" - Refinement 4 


ff Face Meshing 
fa Match Control 


© Activate this option, to be able to 


select the radius edge. 
Geometry Apply 


©) My Mesh. You can see 
how much finer the mesh 


is in the radius part. ues 
ann 
oon 
aes Highlight Mesh, right-click on it and 
soe Y Update “Generate Mesh”. 
an a= 
YN 
+H A gl 4) Generate Mesh 
Soo6 Preview 
Eee Show 
a 
rH 22 Create Pinch Controls 


Z| Clear Generated Data 
alb Rename (F2) 


Begpeee 
Cooeery 
BEeeeeerad 
Baeeneeee 
Beaune 


Start Recording 
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4.5 Set Up Supports, Loads 


, Supports ¥ 
Fixed Support 


Displacement 


GL Loads ~ “Supports » 


o. Pipe Pressure 

{®, Hydrostatic Pressure 
Force 

S, Remote Force 

&, Bearing Load 

“wi] Bolt Pretension 

m, Moment 

ww Generalized Plane Strain 
GH Line Pressure 

@) Thermal Condition 
®) Pipe Temperature 
@ Joint Load 

GA, Fluid Solid Interface 


*)} Detonation Point 


{Remote Displacement 
Gl Velocity 
Gi Impedance Boundary 


&, Frictionless Support 


& Compression Only Support 
© Cylindrical Support 

® Simply Supported 

® Fixed Rotation 
Elastic Support 


@) Select Displacement Support, because 
we are interested only the Uy = 0. 


(®, Rotating Force 


6) Supports and Loads View. Q) Pressure of 50MPa, applied to Y direction. 


Details of “Pressure” 


Ese SSCS 
Geometry _(tEdgeSSSS~™ 
p|Demnifon SSS 
Dee) [SS 


Details of "Displacement" 


Blscope Cid 
Scoping Method | Geometry Selection 
1 Edge 

B|Definition 


eee er 


Te SiesureSSSCSC*d 


@, Deformation ¥ @, Strain ¥ @, Stress ¥ @_Energy ¥ | 


4.6 Set Up Solution Outcome Branch @, Total 
@, Directional 


® Total Velocity 


@, Equivalent (von-Mises) 


@, Maximum Principal 
@, Middle Principal 
@, Minimum Principal 


@ The steps are the same here, choose 
Deformation and Stress evaluation results ® Directional Velocity 
from the drop down lists. | used Total ¥ 
Deformation, Max. Principal and Normal ®, Total Acceleration 
Stress. e Directional Acceleration 


@, Maximum Shear 
&, Intensity 

@, Normal 

@, Shear 


Definition 


ype [Naval Stes 


Orientation Y Axis bd! 


ae Z| Clear Generated Data ne OO Se 


¥ Axis 


ab Rename (F2) in Dai 
Group All Similar Children 


@, Vector Principal 


, Error 


“@, Membrane Stress 
@, Bending Stress 


@ Highlight Solution, right-click 


(29 Open Solver Files Directory dah Sol 
and cnoose solve. 
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4.7 View the Results 


Normal Stress. 


Total Deformation. 


Principal Stress. 
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4./.1 Activating 3D View 


To help you understand the ideology of Axisymmetry, | will have to show you how to activate a couple of options to 


make a better visualization output of the results. 


® You will need to get back to ANSYS Workbench, you 
don’t need to close Mechanical window. Go to Tools > 
Options. 


Reconnect 
Refresh Project 
F — Update Project 
License Preferences... 


Release Reserved Licenses... 


Enter Credentials for Remote Solve Manager... 


. 
A Options 


e~ Project Management 
» Appearance 

- Regional and Language Options 
- Graphics Interaction 

- Journals and Logs 

» Project Reporting 

- Solution Process 

» Extensions 

- Mechanical APDL 

» CFX 

- Design Exploration 

» Repository 

- Fluent 

~ Mechanical 

- Microsoft Office Excel 

- TurboSystem 

- Meshing 

i. Geometry Import 


Text on Toolbars 
[Connections are Bundled at Startup 
Vv 
Vv 
VW 


System Coordinates are Shown at Startup 


Quick Help Icons in System Cells 


Word-wrap Text in Tables 


(6) Get back to Mechanical, highlight Model, right-click on 


it/ Insert/ Symmetry. 
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Launch Remote Solve Manager... 


b Fal Named Selection 


aw Construction Geometry 


Af) Virtual Topology 


syne 


@, Remote Point 


@) Clear Generated Data 
alb Rename (F2) 


“Z Disable Filter 
Refresh Materials 
Update Geometry from Source 


(a Fracture 


€@ Mesh Edit 
&@ Mesh Numbering 


(@ Connections 


{f8) Solution Combination 


Chapter_lV: Shaft 


Details of "Symmetry" 
| Graphical Expansion 1 (Beta) 


2D Analysis, Axi-Symmetry, Notch 


Num Repeat 0 
Cartesian 
Cartesian 


Method 


0.mm 


0. mm 


Graphical Expansion 1 (Beta) 
5 15 


Coordinate System | Global Coordinate System 
| Graphical Expansion 2 (Beta) 


2D Axisymmetric 
eft 


Num Repeat 0 
Type Cartesian 


Coordinate System | Global Coordinate System 


Method Full 
0, mm 


0.mm 
0, mm 


“Symmetry” 


Coordinate System | Global Coordinate System 
)| Graphical Expansion 3 (Beta) 


Num Repeat 0 
Type Cartesian 


Method Full 
0.mm 


© This is the Graphic Result of the Symmetry Option. 


0.mm 
0, mm 


Coordinate System | Global Coordinate System 
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4.9 Stress Concentration Factor 


A stress concentration is a location in an object where stress is concentrated. An object is strongest when force is 
evenly distributed over its area, so a reduction in area, e.g. caused by a crack, results in a localized increase in stress. A material 
fail, via a propagating crack, when a concentrated stress exceeds the material’s theoretical cohesive strength. The real fracture 
strength of a material is always lower than the theoretical value because most materials contain small cracks or contaminants 
that concentrate stress. 


The stress concentrators are geometrical irregularities that cause an increase in the average effort that should be 
present in regions near these discontinuities, the relationship between the maximum stress that occurs and the average effort 
that should occur is defined as stress concentration factor; which is determined by experimental or analytical methods and 
presented in graphical form for ease interpretation. 


The stress concentration factor for a tube in tension with fillet, our case, can be determined as the relation of the 
maximum normal stress in the discontinuity and the nominal stress, and is obtained through the equation: 


Reference --> Pickey W.: Peterson’s 


» Stress Concentration Factors. 
Omax | 


@ (difh+dj/t)>28 ©@ 


K;- 
. Snom 


Chart Stress concentration factors K, for a tube in tension with fillet (Lee and Ades 1956; 
ESDU 1981). 
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Hand Calculations 


As we can see in the graph, there are 2 parameters that are taken into consideration to acquire stress concentration factor. 
First parameter would be to determine which line we need to choose, to accomplish that we have to solve the equation 
t/h with our given values. Second parameter would be to acquire the correct output for the X axis, solving the equation t/r . 


According to the graph, my results are: 
. eae : e Ke~ 1.52 


Computational Calculations 


To acquire the Stress Concentration Factor for the computational calculations we are going to need Max. Normal Stress (Y 
Axis) and Nominal Stress, which in our case equals to SOMPa because of Pressure. 


We do not need to calculate the Max. Normal Stress (Y Axis) as ANSYS Workbench can do it for us. 


|| om | om |) [2>Probe | 


Highlight Normal Stress from the Solution 
branch. Those 3 options will appear at the 
Mechanical GUI, “Max.” and “Min.” 
Buttons will show you where the 
maximum and the minimum output value 
is located at your Geometry. “123 Probe” 
button will give you permission to check 
the output result in any point throughout 
your geometry. 


According to the computational results: @ — ae 84.699 eee we 
a 


Solving the Equation 


= (d;/h+ d;/t) >28 => (30/5 + 30/5) >28 =>12>28 @) 


Conclusion: As we can see the results between Hand and Computational Calculations are almost the same. The 
difference of 11% is probably because of the geometry. Geometry proportion does not meet the criterion for the experimental 
data in the Stress Concentration Factor diagram, [Eq. ‘©}F The Geometry proportion coefficient should be greater than 28. 
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4.10 Redefining Mes 


At this point we come across with an opportunity, to help you understand the concepts and the possibilities of Mesh 
and its options. To be more specific, we will change our element and node parameters (make it smaller, and finer), to check 
what happens to the Stress Concentration Factor. We are aiming to reduce the difference to a minimum value. 


@) Open up Mechanical from 
the Static Structural System. 


2) When Mechanical GUI loads, open Mesh 
branch, highlight Face Sizing, and go to the 
Details of “Face Sizing”. 


@ Model 
«a Setup ~ 4 
Solution ~ 4 
i) Results 

Shaft 


No 
Element Size 
WM Element Size 2.mm 


| Suppressed 


i fa, Face Sizing 
WN Refinement 
Definition 
Suppressed No 
Mi Refinement 6 


eo) We are interested in making the Global Mesh 
two times finer, meaning that we are going to 
change the Element Size down to 0.5 mm. 


6) After adjusting our new input values, hit Solve. 


@) Highlighting the Normal 

Stress tab, you are able to 

visualize your results. Here 
are my own results. 


Calculating the new Stress Concentration Factor. 


_ 84.617 MPa 
ne /s0 MPa 


> Wecansee that, we may got a difference in the Stress Concentration Factor but it is negligible. 
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CHAPTER_V: LEVEL OF GEOMETRY 


5.1 Problem Description 


Beam Element - A beam element is a slender structural member that offers resistance to forces and bending under 
applied loads. A beam element differs from a truss element in that a beam resists moments (twisting and bending) at the 
connections. 

These three node elements are formulated in three-dimensional space. The first two nodes (I-node and J-node) are 
specified by the element geometry. The third node (K-node) is used to orient each beam element in 3-D space (see Figure 1). 
A maximum of three translational degrees-of-freedom and three rotational degrees-of-freedom are defined for beam 
elements (see Figure 2). Three orthogonal forces (one axial and two shear) and three orthogonal moments (one torsion and 
two bending) are calculated at each end of each element. Optionally, the maximum normal stresses produced by combined 
axial and bending loads are calculated. Uniform inertia loads in three directions, fixed-end forces, and intermediate loads are 
the basic element based loadings. 


Reference --> Autodesk Network Article. 


Figure 2: Beam Element Degrees-of-Freedom 


The basic guidelines for when to use a beam element are: 
=" The length of the element is much greater than the width or depth. 
=" The element has constant cross-sectional properties. 
=" The element must be able to transfer moments. 
=" The element must be able to handle a load distributed across its length. 


Solid Element — Solid elements are three-dimensional finite elements that can model solid bodies and structures 
without any a priori geometric simplification. 

Finite element models of this type have the advantage of directness. Geometric, constitutive and loading assumptions 
required to effect dimensionality reduction, for example to planar or axisymmetric behavior, are avoided. Boundary conditions 
on both forces and displacements can be more realistically treated. Another attractive feature is that the finite element mesh 
visually looks like the physical system. 

Summarizing, use of solid elements should be restricted to problem and analysis stages, such as verification, where 
the generality and flexibility of full 3D models is warranted. They should be avoided during design stages. Furthermore they 
should also be avoided in thin-wall structures such as aerospace shells, since solid elements tend to perform poorly because 
of locking problems. 
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Shell Element — Shell elements are 4- to 8-node isoparametric quadrilaterals or 3- to 6-node triangular elements in any 
3-D orientation. The 4-node elements require a much finer mesh than the 8-node elements to give convergent displacements 
and stresses in models involving out-of-plane bending. Figure 1 shows some typical shell elements. 

The General and Co-rotational shell element is formulated based on works by Ahmad, Iron and Zienkiewicz and later 
refined by Bathe and Balourchi. It can be applied to model both thick and thin shell problems. Also, the geometry of a doubly 
curved shell with variable thickness can be accurately described using this shell element. 


ng 


AQQ 
(ADO 


Xx Figure 2: Typical Shell Elements 


The Thin shell element is based on thin plate theory. The bending behavior of the element is based on a discrete 
Kirchhoff approach to plate bending using Batoz's interpolation functions. This formulation satisfies the Kirchhoff constraints 
along the boundary and provides linear variation of curvature through the element. The membrane behavior of the element 
is based on the Allman triangle which is derived from the Linear Strain Triangular (LST) element. A general curved surface is 
approximated by this element as a set of facets formed by the planes defined by the three nodes of each element. For these 
reason a well-refined mesh is necessary. 


The element geometry is described by the nodal point coordinates. Each shell element node has 5 degrees of freedom 
(DOF) - three translations and two rotations. The translational DOF are in the global Cartesian coordinate system. The rotations 
are about two orthogonal axes on the shell surface defined at each node. The rotational boundary condition restraints and 
applied moments also refer to this nodal rotational system. The two rotational axes (V1 and V2) are usually automatically 
determined by the processor and you do not have to specifically orient them. 


Car Chassis Description 


To be able to make the comparison between beam, solid and surface elements we are going to need a geometry which 
is compatible with all 3 parameters. That is why we are going to use a part of a Car Chassis with dimensions and loads which 
are given below. 
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# Inputs > 


| Incase of Symmetry in “O”. 
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i. Beam Elements 


5.2.i Start Up 


Once you opened up ANSYS Workbench, create a new Static Structural System and save your study case to a proper 
destination folder. Afterwards open the Engineering Data tab and make sure that the material properties match our data. 
Getting back now to the Project tab, we need to make an adjustment, since we are working with Beam Elements. For that 
reason, highlight Geometry from the Static Structural System and tick the box in the Basic Geometry Options tab, the once 
concerning the Line Bodies. Double click on Geometry to start sketching. 


Toolbox ~ 


Ee Analysis Systems © ® 
Ga Rigid Dynamic @ 4 OD comty PF; 
Static Structural 4 | @® Model 
FY Steady-State Thermal 5 |@ setup 
= Basic Geometry Options 6 | Solution 
7|@ Results 


Ta | 
oe 
shaft 
ce 


5.3.i Create Body 


When the DesignModeler loads, make sure to change the Units type to Millimeter and move to the Sketching tab after 
highlighting the XYPlane of the Chassis. 


Units View Help 


Centimeter 
Micrometer 

Foot 

Inch 


® PAIMSTER Stone yaa @ XYPlane, Look at Face View. 


Large Model Support 


iv Degree 
Radian 


Model Tolerance 


As you noticed in the Problem Description paragraph, our model is symmetric, meaning that we got the option here 
to sketch only half of the geometries body without having differences at the end results. So, getting back to the sketching part, 
we will need firstly to create just a single line and then it’s Cross-Section. 
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> After creating the geometry, in our case the single Line, head back to Modelling tab. 


{Tree Outline 


(ea) A: Chassi 
® Highlight Sketch1, and go to Concept/ mia 


* Lines From Points Lines From Sketches. Then click Apply on the 
fe|Lines From Sketches | Base Obiects. 
OB) Lines From Edges 

\A, 3D Curve 

“« Split Edges 

@ Surfaces From Edges 
2) Surfaces From Sketches 
i Surfaces From Faces 
i Detach 

Cross Section 


Lay “1 Line Body| Body 


@ When you click on Generate, your 
Tree Outline should look like the figure on 
the right. 


e) Next step is to assign the Cross-Section. 


Go to Concept/ Cross Section/ | Section. SEED a 


Details View q 
Details of Line Body 
Line Body 


SharedTopology Method| Edge Joints | 


Geometry Type DesignModeler 


Concept 

“so Lines From Points 

9) Lines From Sketches 

(BD Lines From Edges 

VA, 3D Curve 

“~ Split Edges 

@ Surfaces From Edges 

@ Surfaces From Sketches 

2 Surfaces From Faces 

i, Detach 
Cross Section | Rectangular 

@® Circular 

© Circular Tube 

[E Channel Section 


| 1Section 


SL Z Section 


ri ee @) Adjust the dimensions in the 
i, Hat Section Details View, and click on Generate. 


) Rectangular Tube 
User Integrated 
@ User Defined 


Tree Outline 
EB. A: Chassis 


©) Assign the Cross Et-oell 1 Cross Section 
hoy SE OL 


Section to your Line Body. lta 1 Part, 1 Body 


— ™, Line Body 


ketching Modeling 


etails View q 


| Details of Line Body 
Body Line Body 
Faces Lt) 


[Edges 
[vertices 2 
Cross Section | 
SharedTopologyMethod(None 
al 
Geometry Type poesrormrowerer 
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Chapter_V: Level of Geometry 1D — 2D — 3D Analysis Comparison 


® Get to the View tab/ Cross Section Solids. 

View : 

|v Shaded Exterior and Edges 
Shaded Exterior 


Wireframe 


Graphics Options 


[V Frozen Body Transparency 
Edge Joints 


| V Cross Section Alignments 
Display Edge Direction 
Display Vertices 


Outline 


Windows 


Selection Filter: Edges (Ctrl+ E) 


Line-Body Edge 


Alignment Mode Selection 
Cross Section Alignment | Vector 
Alignment X 0 
Alignment ¥ 0 


Alignment Z 


Reverse Orientation? 


a) Final geometry visualization outcome. 


a 


f 
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5.4.1 Set Up Mesh Controls 


Your Geometry Body is ready, close DesignModeler and open up Mechanical GUI, by double clicking on the Model 
from the Static Structural System (we do not need to make any modifications in this case before opening up Mechanical GUI). 


| 


Mesh 3 Update | Mesh ~ | Mesh Control v @) To set up mesh controls, highlight 
Method Mesh from the Outline Tree, go to Mesh 


Mesh Grou phen : 
2 E Control and choose Sizing. i Insert 


2, Sizing 
“@, Contact Sizing 
A Refinement 


7 EB Face Meshing 
& Match Control 
96 1 Pinch 
iY Analysis Setting! » Inflation ‘ 
T-gft] Soliton 1 Ml Sharp Angle (3) Right click on Mesh, Generate Mesh. aaa 
ae aJb Rename (F2) 


Preview » 
> Create Pinch Controls 


Start Recording 
Force Update Mesh State (Beta) 


@ Input the Line Body for Geometry, in the 
Details View, and change the Element Size from 
Default to 5mm. 


Element Size |5. mm 
Behavior Soft 
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5.5.i Set Up Supports, Loads ©@ Highlight Static Structural from the @) Highlight Static Structural from the 


Outline Tree, go to Supports and Outline Tree, go to Supports and choose 


choose Fixed Support [for point “A”]. Remote Displacement [for point “O”]. 
&, Supports + 


EVracssippot | 


& Displacement 


&, Supports > 


& Fixed Support 


& Displacement 


Remote Displacement 
Gl Velocity 

ow Impedance Boundary g| Remote Displacement 
MH Velocity 
Gi Impedance Boundary 


, Frictionless Support 


© Compression Only Support 


wa] = 4 
& Cylindrical Support 4) Frictionless Support 


@. Simply Supported © Compression Only Support 
& Fixed Rotation 


| Elastic Support 


© Cylindrical Support 
@, Simply Supported 

& Fixed Rotation 
@ Activate Vertex/Node Filter, |, Elastic Support 


ity (Tk) | tobe'able'to select jus eevee Details of "Remote Displacement” qh 
where your Fixed Support will be. 
Vertex/Node (Ctrl+ P) 


Scope 
Scoping Method 
Geometry 
| Definition 


Geometry Selection 
1 Vertex 


@., Pipe Pressure 


oa, Hydrostatic Pressure Remote Displacement 


= = Ee dS rt & Force (|X Component |0.mm (ramped) 
ype ixed Suppo 

@ ¥ Component Free 
Suppressed No PB. Remote Force 


®, Bearing Load 


36 = 

@. Bolt Pretension Rotation Y 
Moment 

| 


RotationZ —_|0.° (ramped) 
| w Generalized Plane Strain No 
| Advance 
@j Thermal Condition 
#], Pipe Temperature 
@ Joint Load 
@, Fluid Solid Interface 
*)) Detonation Point 


Z Component 
Rotation X 


Details of "Line Pressure” 

Scope 

Scoping Method | Geometry Selection 
Geometry 1 Edge 

Definition 
ID (Beta) 41 
Type Line Pressure 

Define By Components 

Coordinate System | Global Coordinate System 
[|X Component |0. N/mm (ramped) 
YComponent | -1000. N/mm (ramped) 
ZComponent |0.N/mm (ramped) 
Suppressed No 


®., Rotating Force 


@) Select our Line, for Geometry. 


@O) Why 1.000 N/mm and not 10MPa [given data] ? 


The equation for the Pressure equals with P= Fis , where F = Force and S = Area of the surface where the Force is applied. [F = P*S] 
The equation for the Linear Pressure equals with q = Fh, , where F = Force and 1 = Length of the Beam. [F = q*I] 

In this study case we want the same Forces, consequently P*S = q*/=>q =P* Si, @) 

S = h*w [h=height, w=width] 

@ > q=10* 600007, =>q= 1000 N/mm 
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Chapter_V: Level of Geometry 1D — 2D — 3D Analysis Comparison 


@) Highlight Solution branch, and choose Total 
Deformation, and Beam Tools to be calculated. 


rs Bi Took av ay 
‘d Deformation v Tools | Solution Information fee 


@,| @) Stress Tool 


A Total Deformation Zl 
: AB) Beam Tool 
wil Direct Stress 7) Clear Generated Data 


yl Minimum Combined Stres alb Rename (F2) 
wif Maximum Combined Stre 


@, Directional @) Fatigue Tool 
@ Total Velocity Contact Tool 
eo Directional Velocity (ai Bolt Tool 
mo f i r : 

o Werlich (9 Open Solver Files Directory 
o Directional Acceleration | Fracture Tool Worksheet: Result Summary 


Group All Similar Children 


@ This option, allows you to visualize the 
results in a more apparent visualization. 


| Result | + 


0.0 (Undeformed) 

1.0 (True Scale) 
3,.3e+002 (0.5x Auto) 
6.6e=+002 (Auto Scale) 


3,3e+003 (5x Auto) 


4: Chassis Beam Elements 
Total Deformation 

Type: Total Deformation 
Unit: mm 

Time: L 

7/26/2016 11:13 4M 


4.6607 Max 

4,1428 

3.625 

3.1071 

2.5893 

2.0714 

15536 Checking Boundary Conditions: 


1.0357 = Symmetry (no rotation of the profile). 


0.51785 = Deformed Shape. 
0 Min 


A: Chassis Beam Elements 
Maximum Combined Stress 
Type: Maximum Combined Stress 
Unit: MPa 

Time; 1 

7/26/2016 11:15 4M 


883.02 Max 
785.31 
687.59 
589.88 
492.17 
394,45 
296,74 
199.03 
101.32 
3.6027 Min 
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ii. Solid Elements 


5.2.ii Start Up 


Next part of this chapter would be, creating the same geometry, with the same boundary conditions, the same loads. 
Only difference would be that, this time we will use solid elements for our analysis. Open up your previous study case (Car 
Chassis), and create a new Static Structural System, check again your Engineering Data to much with our data and leave 
everything else as default: open up DesignModeler, and change your Units to Millimeters. 


v A | B 
| 

2|@ EngineeringData Y 

3 Gi Geometry v 
4|@ Model vv 

5 v 

6 v 

7 v 


@) Double- click on Geometry. When 
DesignModeler loads, change Units 
parameter to Millimeters 


e Setup 


Gi Solution 


. i. he ih ih fk 


i) Results 


Chassis BeamElements Chassis Solid Elements 


5.3.ii Create Body 


@ Highlight XYPlane, go to Sketching 
tab and select Look at Face/ Plane/ 
Sketch to adjust your planes. 


Tree Outline 
| =)~-ylg] B: Chassis Solid Elements 


bonny Ihe ZxPlane Sketching Toolboxes 
Ly 3. YZPlane 


‘amyl 0 Parts, 0 Bodies 


@ For easiness, select Polyline to create the line body. 


S\ Line 
6 Tangent Line 

& Line by 2 Tangents 
[A Polyline 
(Polygon 
Rectangle 
Ch Rectangle by 3 Points 
@? Oval 

@ Circle 

a Circle by 3 Tangents 
™Arc by Tangent 

6 Arc by 3 Points 

@ Arc by Center 


Sketching Modeling 


Sketching Toolboxes 


Dimensions 


© General 
4! Horizontal 
T[ Vertical 

2 Length/Distance 6) Get to Dimensions tab, 
© Radius and select General. 
GpDiameter 

& Angle 

#¥ Semi-Automatic 
A Euit © Assign the given dimensions, and 
[Bl Move input our data values. 


[A Animate 
10.61 


Hy Display 
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Create 
of. New Plane 


Press Apply to assign Sketch1 to the Geometry 


option. Leave the rest default except FD1, Depth which 
is our length dimension [m]. 


@) Getting back to Modelling tab, 
highlight Sketch1, go to Create/ Extrude. 


=  Skin/Loft 
Details View WB Thin/Surface 
Details of Extrude1 


Extrude | Extruded ® Fixed Radius Blend | ZY Generate 
Geomely. [Sketent @ Variable Radius Blend 


Operation Add Material 
Direction Vector —_| None (Normal) < Vertex Blend 
Direction Normal ®& Chamfer 
Extent Type | Fixed 
FD1, Depth (0) [600 mm BB Pattern 
AsThin/Surface? | No ®: Body Operation 
Merge Topology? _[Ves Body Transformation » 
Boolean 
® Slice 
Delete » 
a To create the rest of the body, we @ Point 


will use the Mirror command, go to 


Create/ Body Transformation/ Mirror. aionameiaid 


Details of Mirrori 


@ Select our whole extruded body for 
Create : Bodies, and for Mirror Plane choose 
of. New Plane | { YZPlane. Bodies 


[RB Btrude 

a Revolve >= 

& Sweep . 

@ Skin/Loft | Z Genesate . ©) Click on Generate. 
(@ Thin/Surface 


@® Fixed Radius Blend 
@® Variable Radius Blend 
<< Vertex Blend 

®& Chamfer 


Pattern 
aay Body Operation 


fe Move 
@ Boolean a® Translate 
ffi Slice all Rotate 
Cd 
e Point easels 


Primitives 
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After finishing with sketching the geometry, close DesignModeler and open up Mechanical GUI, by double clicking on 


the Model from the Static Structural System (there is no need to make any modifications). 


5.4.ii Set Up Mesh Controls 


Insert 
GoTo 


@) Highlight Mesh from the 


@) We are going to use the 


& Generate Mesh On Selected Bodies 
>} Preview Surface Mesh On Selected Bodies 
Z| Clear Generated Data On Selected Bodies 


Outline Tree, go to Mesh Control 


and choose S 


same mesh controls, as we did 
for the Beam Elements case. 


9 Filter Tree Based On Visible Bodies 


id 


for the Geometry option, right 


the whole sol 
ick anywhere in the D 


izing again. 


Afterwards change the Elem 
Size from Default to 5mm 


=| D 


Cursor Mode 


* Restore Default 

@ Zoom To Fit (F7) 

ok Create Coordinate System 
fac) Create Named Selection 


99 Look At 


i GB Image To Clipboard (Ctrl+ C) 


Be es e 2 

Se ale ez 
,| 2 ge) § 
£/ 4 &/ | & 
é|* 32) a 8 

Oe | BO) | O24 


isplay screen 


and choose Select All. 


@ We need to mesh 


body, 
cl 


Element Size 


Element Size 


inition 
Suppressed 
Behavior 
Bias Type 


LYE LLL 


ART OTST 


ty 
hk 
Rain 


nia 


ahi 
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5.5.ii Set Up Supports, Loads 


sis Solid Elements 


® For the Supports and Load set up, we still need the same 
restrictions like in the Beam Element case. Fixed Support to one 
end, Remote Displacement on the other with U, =0 and R, = 0, 
and 10MPa Pressure on -Y Plane. 


Note: There is a chance that your axis might be different than 
the ones in the Beam Elements case, so be extra careful when 
you input the restrictions. [R,= 0 changed to Ry = 0 for me] 


@) Choosing Pressure instead of Linear Pressure has no 
difference at all in the Solid Elements. 


5.6.ii Set Up Solution Outcome Branch 


@) Highlight Solution and choose Total Deformation 
and Normal Stress for the computational analysis. 


| Filter: Name 


& Project 


7 J come) Q) Your Outline Tree should look 
i “ye Gl Solid like this figure. 
& ak Coordinate Systems 


i oy att Global Coordinate System 

a ® ae : Zl Evaluate All Results 
1. Face Sizing 

-_s Static Structural (B5) Z| Clear Generated Data 


Analysis Settings ' ab Rename (F2) 
"a8, Fixed Support 
fu, Remote Displacement Group All Similar Children 


J Pressure 


fi Awl Solution (B6) ay Open Solver Files Directory 

i 4 L!] Solution Information Worksheet: Result Summary 
Ga Total Deformation 
fj Normal Stress 
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5.7.ii View the Results 


Time: 1 
7/26/2016 127 AM 


I si84 


Checking the right deformation 
behavior, like in the previous outputs. 
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iii. Surface Elements 


5.2.iii Start Up 


In this study case, it will not be needed to create a new Static Structural System and sketching the geometry from all 
over again. There is an easier way by Duplicating the Solid Elements study case, with this option the newly created Static 
Structural System has the exact same geometry, mesh and boundary conditions like the Static Structural System that we 
Duplicated. After Duplicating it, open up DesignModeler to make some modifications regarding the Surface Elements. 


@) Refresh , é ; , 
Bue @) Right click at the little black arrow in 


F Update ore 
ea order to pop up this list, and choose 
Duplicate. 


Replace With > 
Clear Generated Data 
X ~~ Delete 

Rename 


Properties 


Close All Hidden Meshing Editors (Beta) 
Close All Hidden Mechanical Editors (Beta) 
1. Open System Directory (Beta) 


Barats @) All of your Static Structural Systems. 


1 


7z| Static Structural 7z| Static Structural 


v v v 
Y Y v 
v v v 
v v 7 
v v a 
v v 7 


Chassis BeamElements Chassis Solid Elements Chassis SurfaceElements 


5.3.iii Create Body 


One of the better features of Workbench’s DesignModeler is the Mid-Surface Extraction tool. This tool is fairly simple 
to use, and after some practice, you will be creating shell models in no time. The Mid-Surface Extraction utility is located 
underneath the ‘Tools’ Menu. 


The easiest way to create Mid-Surfaces is to manually go through and select the face pairs. You will notice that after 
selecting the “top” and “bottom” face, they will appear as two different colors. It is important to note that the order in which 
you click the two faces determines the ’top” and bottom” of the shell element (important for applying pressures/defining 
contact). The shell normal is positive going from the pink (2nd pick) to the purple (1st pick) surface. 


You can select multiple face pairs, then go back and hit the apply button for “Face Pairs” in the detail window. If there 
are several face pairs that have the same thickness, you can select one pair, then go back and change the selection type to be 
automatic. This will fill in some blanks in the details window. 


Finally, change “Find Face Pairs Now” to be “Yes” and DesignModeler will go out and find all face pairs that meet this 
criteria. Hit generate and all of your midplanes will be generated, and all thicknesses will be stored for later use in Simulation. 
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Chapter_V: Level of Geometry 1D -— 2D — 3D Analysis Comparison 


There is no need for us to change the Units again, since our new Static Structural System has  [[=- 

the same data inputs like the previous one (Solid Elements), now we need to create Surface models [© Freeze 

f the Solid Bod pan 
out o € Soll o) Y: {& Named Selection 
@Q Attribute 
2) Mid-surface 
h Joint 
Enclosure 
DB] Face Split 
ay Symmetry 
Fill 
WA Surface Extension 
By Surface Patch 
aa” Surface Flip 
GS Solid Extension (Beta) 
wa Merge 
G8 Connect 
@ Projection 


B> Conversion 
Hi Weld 


Repair 


Analysis Tools 


e& Form New Part 
Parameters 


Electronics 


Pp Upgrade Feature Version... 


@ Options... 


@) For the face pairs, we will need to search which face pairs with which. Starting with the “easy to locate” middle Face Pair. Choose one face (it 
will turn green) and then by holding Ctrl choose the other one (when both faces are correctly chosen they both will turn into dark red. 


B) This part of the geometry gets trickie. That is because DesignModeler does not allow you to select all the faces that you want to pair, at 
once. So, firstly you will select #1 and by holding Ctrl you will select #2. Afterwards, you need to choose the other side face #3 and again with 
Ctrl select the top face #2. 


@) With the same way, pair the faces EI] Detalis of MidSustl 
that are located right on the opposite ee — 
+ ‘i : ace Pairs 
side of the ones that we just paired. ee aT aaiaaaaae 
= Bodies To Search Visible Bodies 
a . Minimum Threshold 2mm 
G) Change the Selection Method to Automatic. rae 
Jaximum Threshold 10 mm 
Find Face Pairs Now No 


FD3, Selection Tolerance (>=0) |O mm 
FD1, Thickness Tolerance (>=0) | 0.0005 mm 


© Adjust Minimum and Maximum Threshold as shown here. FD2, Sewing Tolerance (>=0) |0.02 mm 
Allow Variable Thicknesses No 
Extra Trimming Intersect Untrimmed with Body 
Ambiguous Face Delete All 
Preserve Bodies? No 
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etme 


5.4.iii Set Up Mesh Controls 


We are done with the DesignModeler, so feel free to close the window, and open Mechanical GUI by double clicking 
at the Model from the Static Structural System. A pop up window will appear asking you if you want to read the up-stream 
data, which means that the Mechanical GUI will automatically load the new changes we made in the DesignModeler, click Yes. 


Mesh 


9B, @) Highlight Face Sizing. 


Insert 
GoTo 


@ Input the altered Geometry. @ Filter Tree Based On Visible Bodies 


@ Isometric View 


Details of "Face Sizing" - Sizing 


Scope 
Scoping Method a Selection 


0 Restore Default 
Zoom To Fit (F7) 


Geometry a a 


(i Image To Clipboard (Ctrl+ C) 


Cursor Mode 


View 


[Fo j]Select All (Ctrl A) 


@) Right click on Mesh, and choose Generate Mesh. 
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Chapter_V: Level of Geometry 1D — 2D — 3D Analysis Comparison 


As you probably already understood, we are not going to change the mesh, the supports, the loads or the solution 
outcomes. Thanks to the Duplication the parameters are already settled and we just need to define the new changed geometry. 


@) Highlight Fixed Support, activate Edge 
fr) Th) selection filter, and choose the Edges that we 
Edge (Ctrl+ E) want our Fixed Support to be located. 


@ Right click on Static Structural from 


Face (Ctrl+ F) ' Bee as and iis Solve. 


=f Export CAERep Files (Beta) 
>} Abandon RSM Jobs (Beta) 


7 | Clear Generated Data 
alb Rename (F2) 


Group All Similar Children 


9 Filter Based on Environment (Beta) 


¥ Open Solver Files Directory 


C: Chassis of Surface Elements 
Total Deformation 

Type: Total Deformation 

Unit: mm 

Time: 1 

7/26/2016 12:59 PM 


4.7724 Max 
42421 
37119 
3.1816 
2.6513 
21211 
15908 
1.0605 Checking the right deformation 
0.53027 
OMin 


behavior, like in the previous outputs. 


C: Chassis of Surface Elements 

Normal Stress 

Type: Normal Stress(0¢ Axis) - Top/Bottom 
Unit: MPa 

Global Coordinate System 

Tire: 1 

7/26/2016 1:00 PM 


571.57 Max 
456,98 
342,39 
227,81 
113.22 
-13616 

- 115,95 
-230,53 
-345,12 
-459.7 Min 
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iv. Type of Elements Comparison 


We could compare and comment the results of all 3 different type of elemets. 
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CHAPTER_VI: TUNING FORK 


6.1 Problem Description 


In this chapter, we want to perform a Modal Analysis to investigate the natural frequencies of a Tuning Fork. The 
specific tuning fork is designed to tune chamber A 440Hz. In the case that the tuner does not meet the stated requirements, 
we will modify the geometry, material or mass of the tuner in order to get the correct frequency output. 


For that reason, we will set from the start some parameters (Parametric Model) which will help us to modify the 
geometry’s dimensions easier and without the need to sketch the tuning fork from scratch. 
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6.2 Start Up 


Open up ANSYS Workbench, locate Modal from the Toolbox/ Analysis Systems and drag and drop it to the Project 
Schematic as you did with the Static Structural Systems. Save your study case to a proper destination folder, head to the 
Engineering Data tab to make sure that your material properties match with the given ones. 


Project Schematic 


El Analysis Systems | 2 @) Double-click on Geometry to 
Design Assessment yl start sketching. 


Eigenvalue Buckling 4 A 

@ cnr 
Explicit Dynamics 2 @ EnaineeringData Y y 
Fluid Flow - Blow Molding (Polyflow) 3|@ Geometry ? A 

Fluid Flow- Extrusion(Polyflow) = 
(& Fluid Flow(cFx) 4+@ she a 
& Fluid Flow (Fluent) 5 a Setup ca) 
a __4| 
; © Fluid Flow (Polyflow) 6 @@ Solution Pu 
@ Select Modal ene eee HarmunicResponce 7 | @ Results 2, 


Hydrodynamic Diffracion 
a Hydrodynamic Response 
£2§ IC Engine 
Magnetostatic 


' 


Modal Analysis_Tuning Fork 


6.3 Create Body 


When the DesignModeler loads, make sure to change the Units type to Millimeter and move to the Sketching tab to 
create our tuning form geometry. 


Units View Help 


iv Meter 


Centimeter 


free Outine a 


yl] A: Modal Analysis Tuning 


Millimeter 


Micrometer 
Foot 
Inch 


Large Model Support 


iv Degree 
Radian 


ili 0 Parts, 0 Bodies 


Sketching Modeling | 


Model Tolerance 


As you noticed in the Problem Description paragraph, our model is symmetric, meaning that we got the option here 
to sketch only half of the geometry body without having differences at the end results. So, getting back to the sketching part, 
we will need to create a sketch like the figure below. 
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Dimensions: 6 
HL 100 mm =f 


(we (2omm =e 


c 


H5 5mm = 
V2 5mm = 
ve 25mm =a 


c 


Create 
f New Plane 


ae Revolve 


& Sweep 
@ Skin/Loft 
WD Thin/Surface 


® Fixed Radius Blend 
@& Variable Radius Blend 
<< Vertex Blend 

®& Chamfer 


{0 Pattern 

'@ Body Operation 
Body Transformation 

® Boolean 


® Slice 
Delete 


$ Point 


Primitives 


()) Do the same, f 
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|__| Selection Filter: Edges (Ctrl+ E) 


Details of Extrudei 


@) Head bac 


——— 
Sketching Modeling 


k to Modeling tab. 


@ Hit Generate. 


Hit Generate. 


| | > Generate 


@ Select Sketch1 for 
Geometry. 


>f New Plane 


(RB Gtrude 

3) Revolve 

@, Sweep 

@ Skin/Loft 
(@ Thin/Surface 


Extrude Extrudel 
Geometry Sketch1 
Operation Add Material 
Direction Vector None (Normal) 


Direction Normal 


Extent Type Fixed 


WI FD1, Depth (>0) 


As Thin/Surface? 
Merge Topology? | Yes 


Geometry Selection: 1 


Sketch Sketch1 


KS Fixed/Radius Blend 


@. Variable Radius Blend 
Vertex Blend 
® Chamfer 


[FE Pattern 
‘Gi: Body Operation 

Body Transformation » 
® Boolean 
fp Slice 
Delete 


©) Go to Create/ Fixed Radius Blend, to create the radius. 


Details View 


@ Activate Edges Selection Filter, to be able to choose the correct Edge.. 


he “smaller” radius part, FD1, Radiu 


[Geomety it edge 


$ Point 


Primitives 


Create @5 Go to Create/ Body 
3h. New Plane Transformation/ Mirror, to 
(R Btrude create the rest of the 
fa Revolve geometry. 
Swee| 
. Soren 


(@ Thin/Surface 


Details View nt 


Details of Mirrori 


@ Fixed Radius Blend 
@ Variable Radius Blend 


Pace 


‘GF Body Operation 


Body Transformation 


Ce 


g@ Move 


® Boolean a> Translate 
ff Slice ZXPlane for Mirror Plane, and for Bodies you have to choose the whole body. 
Delete » 
Scale 
$ Point © 


Primitives 


@ Tree Outline, End result. 
Tree Outline 
i= Jel A: Modal Analysis_Tuning Fork 
=)-y >. XYPlane 
oy) Sketch 
~y of. ZxPlane 
coy of. YZPlane 
YI Etrudel 
v ® FBlendl 
yy @ FBlend2 
yh Mirrorl 
+) 1 Part, 1 Body 


es 
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6.4 Set Up Mesh Controls 


Your Geometry Body is ready, close DesignModeler and open up Mechanical GUI, by double clicking on the Model 
from the Modal Analysis System (we do not need to make any modifications in this case before opening up Mechanical GUI). 


©@ Right-click on Mesh/ Show/ Sweepable Bodies. 


=f Generate Mesh 


Preview 


2 Create Pinch Controls 


Z| Clear Generated Data 
alb Rename (F2) 


Start Recording 
Force Update Mesh State (Beta) 


G) Right-click again on Mesh/ Generate Mesh, and you will have similar results. 


Sizing 
Use Advanced Size Function | Off 


noon 
——= 


6.5 Set Up Supports, Loads 


@) Highlight Modal from the Outline Tree, 


&, Supports ¥ go to Supports and choose Fixed Support, 
a) Soleo: for Edges “b dimension” and the opposite 


&) Displacement one: 
Remote Displacement 
GH Velocity 

GH Impedance Boundary 


him @ | 
frame_| OlFace (Ct 


&, Frictionless Support 
& Compression Only Support 
© Cylindrical Support 


#_ Simply Supported 
®) Fixed Rotation 
@ Elastic Support 


8) Choose the two sides, like shown 
in the figure, by holding Ctrl. 
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[Details of "Analysis Setth 
Options 


MaxModesto Find i i i Sa 


| Filter: Name 
Project 
Model (A4) 


Limit Search to Range | No /€h Geometry 
| Solver Controls “— Coordinate Systems 
Mesh 


a 


(5) Right-click on Solution/ Solve. @ Clear Generated Data 


aJb Rename (F2) 


@) Highlight Analysis Setting from the 
Tree Outline, in the Modal branch, and 
change “Max Modes to Find” to 8. (2) Group Alll Similar Children 
‘4 Open Solver Files Directory 


|¥ Frequency [Hz] 
357.84 

376.1 
503.74 
519.1 
2261.6 
2376. 
3435.5 
3475.3 


lH) B/W le 
Ed oe tial bal ocd] Poel ad bad 


Select All 


Messages _ Graph | 


When everything is selected, right- 


click again anywhere inside the Graph, 
and choose Create Mode Shape results. 
create Mode Shape Results 
Select All 
1500. 
Zoom To Range 
1000. 
500. 
0. I 
1 r 4 i] 4 5 6 7 8 
Messages _ Graph | 


Ela] Modal (A5) 


Je Pre-Stress (None) 
~—~WfN Analysis Settings 
~o- JEB, Fixed Support 
=e |] Solution (AG) 
-o- 4] Solution Information Insert L 
r ons hae oi = 2 BZ Evaluate All Results 
i os a Z| Clear Generated Data 
° formation 
--@@ Total Deformation 5 | AP Rename (F2) Right-click on 
ce — einen 7 @ Group All Similar Children ] Solution/ Evaluate 
& Total Deformation 8 9 Open Solver Files Directory All Results. 
Worksheet: Result Summary 
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Chapter_VI: Tuning Fork Modal Analysis, Parametric Modeling 


6.6 View the Results 


A: Modal Analysis Tuning Fork 
Total Deformation 3 

Type: Total Deformation 
Frequency: 503.74 Hz 

Unit: ram 
8/12/2016 12:27 PM 


A: Modal Analysis_Tuning Fork 
Total Deformation 

Type: Total Deformation 
Frequency: 357,84 Hz 

Unit: mm 
8/12/2016 12:26 PM 


A: Modal Analysis_Tuning Fork 
Total Deformation 2 

Type: Total Deformation 
Frequency: 376.1 Hz 

Unit: ram 
8/12/2016 12:27 PM 


A: Modal Analysis_Tuning Fork 
Total Deformation 4 

Type: Total Deformation 
Frequency: 519.1 Hz 

Unit: mm 
8/12/2016 12:27 PM 


240.95 Max 
214,18 
187,41 
160.63 
133.86 
107,09 
80,317 
53,544 
26,772 
OMin 


245.45 Max 
218,17 
190.9 
163.63 
136.36 
109.09 
$1,816 
54,544 
27.272 
0 Min 


248.18 Max 
220.6 
193,03 
165,45 
137,88 
110.3 
82.727 
55,151 
27,576 
0 Min 


242.22 Max 
215,31 
188,39 
161.48 
134.57 
107.65 
80,74 
53.827 
26,913 
0 Min 


A: Modal Analysis_Tuning Fork 
Total Deformation 5 

Type: Total Deformation 
Frequency: 2261.6 Hz 

Unit: mm 
8/12/2016 12:29 PM 


A: Modal Analysis_Tuning Fork 
Total Deformation 7 

Type: Total Deformation 
Frequency: 3435.5 Hz 

Unit: mm 
8/12/2016 12:29 PM 


A: Modal Analysis_Tuning Fork 
Total Deformation 8 

Type: Total Deformation 
Frequency: 3475.3 Hz 

Unit: mm 
8/12/2016 12:30 PM 


A: Modal Analysis Tuning Fork 
Total Deformation 6 

Type: Total Deformation 
Frequency: 2376, Hz 

Unit: mm 
8/12/2016 12:29 PM 


247.96 Max 248.41 Max 


247.48 Max 250.77 Max 


219.98 222.91 220.41 220.81 
192,48 195.05 192,86 193.21 
164,99 167,18 165.31 165.61 
137,49 139,32 137,76 138.01 


109.99 
82,493 
54.996 
27,498 
0 Min 


110.21 
82,655 
55,103 
27,552 
0 Min 


111.45 
83.591 
55,727 
27,864 
0 Min 


110.4 
82.803 
55.202 
27,601 


Tabular Data 
Iv Frequency [Hz] 
uf 357.84 

2. 376.1 
3. 503.74 
4, 519.1 
5. 2261.6 
6 
7 
8 


We are able to see here, all the 8 Modes that we choose for output. Also you can see 


how the deformation and the frequency varies. 


2376. 
In the Tabular Data tab, there are all the frequencies from 15t Mode to 8". 


3435.5 
3475.3 
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6.7 Modify Model 
i. Changing Material 


In this section, we will define a new material to see if we have a difference in the frequency outputs. We will change 
the material from Structural Steel to Copper Alloy. In order to do that, we will need to assign the new material in the 
Engineering Data tab, let’s see how to do that. Close Mechanical Ul, and open Engineering Data tab. 


[H Project / @ A2:EngineeringData x \ff 
"I" Modal - SS 
= Seen : ‘YY Filter Engineering Data | Engineering Data Sources 


3 | ti) Geometry ~ 4 
4 | @® Model mW, ® Double-click on Engineering Data. 


5 | @@ setup ow 4 @) Highlight General Materials, 
6 | @& Solution y and a new window will open up 

ra right below the Engineering Data 
7 | @ Results Y 4 


Sources. 
Modal Analysis_Tuning Fork 


Q) Click on Engineering 
Data Sources. 


| Engineering Data Sources 


pa sore Osa 
x Favorites Quick access list and default items 
| 3 | a General Materials General use material samples for use in various analyses. 


4 | @ General Non-inear Materials a@ General use material samples for use in non-linear analyses. 
asm ff Explicit Materials @ | Material samples for use in an explict anaylsis. 


@ Hyperelastic Materials a Material stress-strain data samples for curve fitting. 


i Magnetic B-H Curves a B-H Curve samples specific for use in a magnetic analysis. 


NI 


O}O 


oe 


J Thermal Materials (| Material samples specific for use in a thermal analysis. 
Fluid Materials (|| Material samples specific for use in a fluid analysis. 
a Carnacita Matarisio fF on) Material camnice enarific far camnacite ctniich war 


Outline of General Materials 


rr | | 
P| Geis oewatnaiiie Bal Heep 


= Material 


ES es) | 


6) If you de- 
select, 
Engineering Data 
Sources, you will 
be able to 
visualize this 


© Now that you added the 
new material, we will need to go 
back to the Mechanical UI and 
assign it on our model. 


@) Close Engineering Data Tab, and open up 


Mechanical UI by double-clicking on Model. A pop- 
up window will appear asking you if you want to 
re-read the Upstream Data, click Yes. 
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Details of "Solid" 
Graphics Properties 

| Definition 

Suppressed No 
ID (Beta) 17 
Stiffness Behavior Flexible 
Coordinate System Default Coordinate System 
Reference Temperature | By Environment 

Material 
Assignme Structural Steel 
Nonlinear Effects Yes 

Thermal Strain Effects | Yes 

Bounding Box 

Properties 

Statistics 


= & New Material... 
S&S Import... 


'@ Edit Structural Steel... 


KS Copper Alloy 


Tabular Data 


Iv Frequency [Hz] i 
258.44 


@) We can see now in the Tabular 
Data tab, that the frequencies are 
totally different than the ones we 
had before. But still we are far from 
the desired frequency (440Hz). 


cols | a{iun[e lw) fe 
BS ah Gay) Pall eo hel hs) 


ii. Changing the Dimensions 


When Mechanical UI loads, 
highlight Geometry/ Solid and 
get to the Details View tab. 


©) Change the Material/ 


Assignment to Copper Alloy. 


Solve. 


Right- click on Solution/ 


Since, changing the material did not help us get the required frequency results, we will try now and change some 
dimensions from our tuner and see how it affects the frequency results. Changing all the dimension would not be much of a 


help for us, we will modify the l=length dimension and possibly the thickness of the tuner. 


We can always follow the procedure we did in Chapter_Ill [section 3.8], and change the dimensions in the 
DesignModeler-Head back to the Mechanical Ul-Update Geometry from Source-Solve and get the new result outputs. 


In this section, | will introduce you a new way to make modifications in the geometry, which will be easier and faster. 
We will assign some parameters, and by changing those parameters we will be able to see instantly the frequency result 


outputs. 


® Open up DesignModeler. 


"I" Modal 


|@ EngineeringData Y , @ Highlight Sketch1, the one 


located in the Extrude1 branch. 


4 QB Model 

5 2) Setup ~ 4 

6 | GB Solution V4 (@) Choose the box [located on 
7|@ Results ~ 4 the left of H1]. “H1” is the length 


Modal Analysis_Tuning Fork we are interested in modifying. 


A: Modal Analysis Tuning Fork - DesignMod... {eS 


Create a new Design Parameter for dimension reference 
XYPlane.H1? 


Parameter Name: |,@dm/clil=tal} 


Cancel | 
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@) A pop up window 
will appear asking 
you to name your 
Parameter. 


Tree Outline q 


| /{éa] A: Modal Analysis_Tuning Fork 
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Details of Sketch1 
Sketch 
Sketch Visibility 

Show Constraints? 


Sketch1 
Show Sketch 
No 


Dimensions: 6 


6) After giving a name to your 


imensions: 6 


Parameter, a “D” will appear in 
the box. That means that our 
parameter is ready. 


Details of Extrude1 
Extrude 
Geometry 
Operation 
Direction Vector 
Direction Normal 
Extent Type Fixed 
{D) FD1, Depth (>0) |8 mm 
As Thin/Surface? No 
Merge Topology? | Yes 
Geometry Selection: 1 
Sketch Sketchi 


Extrudet 
Sketch1 
Add Material 

None (Normal) 


©) Do the same for the thickness. 
Highlight Extrude1, get to the Details 
View, and make a parameter out of 
FD1, Depth. 


Highlight the first Total 
Deformation. 


! 


Filter: Name ’ Z pe 

Jt Geometry a 
vod, Coordinate Systems 

Je Mesh 

i=) Modal (A5) 

i “Yip Pre-Stress (None) 

-vZQX Analysis Settings 

- Ji, Fixed Support 

=|] Solution (A6) 

A Solution Information 
ta Total Deformation 
_/€ Total Deformation 2 
ta Total Deformation 3 
_/€i Total Deformation 4 
_/€ Total Deformation 5 
(ff Total Deformation 6 
_/€i Total Deformation 7 
Loe A Total Deformation 8 


Details of “Total Deformation" 


Scoping Method | Geometry Selection 
Geometry All Bodies 
Definition 
Type Total Deformation 
Mode 

Identifier 
Suppressed 


@ After completing these steps, you 
now have added a second parameter of 
Frequency, close Mechanical UI. 


C] Minimum 


Open up Parameters, to see how 


this option works. 
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@) Close DesignModeler. 


Project Schematic 


v A 

BT vc 
2 @ EngineeringData YW 4 
3 | Gi) Geometry 44 
4 |@® Model Y 4 
5 |G setup Ya 
6 Solution Y 4 
7 ie) Results 4 
8 | (5d Parameters 


Modal Analysis_Tuning Fork 


(pd Parameter Set 


v A 


2 @ Engineering Data 


4 
3 Gi) Geometry “4 
4 @ Model Y 4 
5 | @ setup o 4 
6 | @ Solution Y 4 
7|@ Results Y 4 


8 |(b2 Parameters 
Modal Analysis_Tuning Fork 


(pd Parameter Set 


@ End result of your Modal Analysis 
System. You can see that the arrows are 


forming a circle, meaning that when you 
change one of the parameters we set up, 
the others will change also. 


Table of Design Points 
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© When Parameters option loads, you 
Here you can add as many different Wi will be able to see this window, named 
dimension values as you like. ; : Table of Design Points. 
Column B refers to the length values. 
Column C refers to the thickness of the tunner. 


Column D refers to the Frequency results. 
@ As you can see | added 10 different values, and 


the only thing left to do, is to evaluate those values 
and acquire the frequency output results. 


— = Go back to the Project tab, and choose 
/ CH Project \(pd As:Parameters x Update All Design Points. This option will 


Import... | 0 Reconnect Refresh Project F Update Project ©} Resume [FF Update All Design Points start solving all the Parameters you 
——————————— assigned one by o ene, without eed more rate 


After the Update is done, 

head back to the A8: 

Parameters tab and have a look 

at the results. Here are mine. 

Table of Design Points 


—} +++ _}_ [_¢__|___¢____[_¢_]|_¢_}¢_] 
P3 - Total Deformation Reported 


According to my results, our Tuning Fork, in order to be functional (A=440 Hz) 


must have a length dimensions equal to 75mm, and thickness of 8mm. 
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